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Chapter 1 
 
Introduction and Theoretical Background 
 
I. Introduction 
 I had been observing the activity of a Northeast Ohio university microbial ecology 
laboratory for nearly a year when I attended a research symposium that the head of the 
laboratory, Dr. Klose1, had helped organize.  Dr. Klose delivered a PowerPoint-aided 
presentation that told, in her words, “the story of a particular stream.”  She explained that 
she and a team of scientists studied this stream because it was adjacent to a large-scale 
agricultural site, and so it was exposed to massive amounts of nitrogen runoff.  Her story 
ostensibly told how the stream handled this influx of nitrogen via a process of 
“denitrification” whereby the bacterial communities in the stream change their 
composition to remediate the large amount of nitrogen by producing dinitrogen.  She 
provided the following diagram to demonstrate this process in a very broad sense: 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 In accordance with IRB standards, names of participants and places are pseudonyms. 
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Figure 1.1. Dr. Klose’s diagram demonstrating denitrification. 
 
 Embedded in this story was a story of disciplinary division.  Dr. Klose, leader of a 
laboratory dedicated to “the integration of microbiology and ecology,” positioned herself 
in this story primarily as a microbiologist.  “As a microbiologist,” she said, “my systems 
ecologist colleagues wonder if it matters what’s in the black box of the operator.”  It 
became clear, as her presentation proceeded, that Dr. Klose’s story of a stream was an 
argument for the importance of examining the contents of the “black box” of the operator 
to, as she put it (referring to the following diagram, Fig. 1.2), “put the pieces together 
around denitrification.” 
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Figure 1.2.  Dr. Klose’s “puzzle of denitrification.” 
 
Putting the pieces together, Dr. Klose argued, was necessary to fully see the entire 
process of denitrification for what it was.  Putting the pieces together involved the 
integration of three kinds of work: First, the ecological work of determining 
denitrification rates in samples taken from the field that measured the “driver” (or the 
amount of nitrate in the stream) and the “outcome” (or the amount of dinitrogen 
produced); second, the microbiological work of analyzing those samples to determine 
what is in the black box of the “operator,” viz. the composition of bacterial communities; 
and, third, the experimental lab work of drawing a causal relationship between 
denitrification rates and community composition.  The measurements and samples 
showed Dr. Klose and her colleagues that denitrification rates and bacterial community 
composition changed between seasons, and the laboratory experiments showed them, as 
she put it, “cause and effect.”  That is, working with isolated cultures in the controlled 
conditions of the laboratory showed them that “DOC [dissolved organic carbon] alters 
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denitrification rate and community composition” (See Fig. 1.3).  This was what we might 
call “the moral” of Dr. Klose’s story about a particular stream. 
 
 
Figure 1.3. The “moral” of Dr. Klose’s story. 
 
 Embedded in Dr. Klose’s story about a stream was also an argument about how to 
tell a comprehensive story about a stream.  Telling such a comprehensive story, her 
argument went, involves integration of microbiological techniques, which are necessary 
for identifying bacterial community composition and ecological techniques, which are 
useful for identifying and measuring changes in ecological systems and making causal 
arguments linking changes in bacterial communities and changes in ecological systems.  
Such integration is accomplished by the integration of fieldwork and laboratory work.  
Measurements taken in the field can only reveal part of the “puzzle”; analysis and 
experimentation conducted in the controlled environment of the laboratory is necessary to 
reveal the other part.  Moreover, such a comprehensive story involves integration of 
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statistical data practices and statistically derived graphs (See Appendix A, Figures A.1-3).  
“Rather than just trying to tell the story,” Dr. Klose commented as she drew connections 
between fluctuating denitrification rates and bacterial community composition, “we love 
to use our statistics.”  This dissertation is about how these types of integration are 
discursively and textually mediated in the Klose Lab to foster the laboratory’s stated 
goal: “the integration of microbiology and ecology.” 
 The dissertation is organized as follows: 
i. Chapter One introduces the problems and questions that influence my 
research.  It draws together literature from rhetoric (particularly rhetoric of 
science), writing studies research (particularly research in writing in the 
disciplines [WID]), and science, technology, and society studies. 
ii. Chapter Two outlines my methodology for attending to my research 
questions.  In doing so, I describe my research settings, my primary and 
peripheral participants, and I detail the kinds of data I collected and how I 
went about collecting and analyzing it. 
iii. Chapter Three presents a Turnerian analysis of the “social drama” that 
contributed to the emergence of ecology as a discipline.  To better understand 
the Klose Lab’s primary goal of integrating microbiology and ecology, we 
need to understand the disciplinary disagreement between microbiologists and 
ecologists that Dr. Klose alludes to in her story.  We need to ask where this 
disciplinary disagreement comes from.  Chapter Three provides an account of 
an important episode in the history of the discipline of ecology.  I demonstrate 
that the divisions between microbiology and ecology to which Dr. Klose 
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alluded in her presentation were laid bare in a disciplinary “social drama” 
(Turner, 1974) that took place in the 1960s and 70s, and from which ecology 
emerged as a discipline in its own right.   
iv. Chapter Four brings us to the present, and a case study of Caleb—a graduate 
student working in the Klose Lab—as he negotiates the “lab-field border 
zone” of microbial ecology (Kohler, 2002), calibrating and aligning his work 
with the other actors working on a collaborative project.  I focus specifically 
on a graphic visualization that played an important role in mediating the work 
of integrating findings from the lab and findings from the field. 
v. Chapter Five presents a case study of Olivia—another graduate student Klose 
Lab scientist—and focuses on an ordination graph around which she organizes 
much of her work.  The statistical graphic representation Olivia creates forms 
the glue linking her work in the lab with her work in the field, and constitutes 
a sort of gravitational center around which her story about another particular 
stream coheres. 
vi. Finally, Chapter Six concludes the dissertation by discussing the implications 
of my research for the fields of writing and rhetoric studies.  
 In these chapters, I aim to contribute to rhetoric of science and writing studies 
research in two ways.  First, while rhetoric of science has become interested in 
interdisciplinary coordination across sciences, studies of scientific interdisciplinarity have 
focused primarily on how publications and major statements in the scientific fields have 
fostered interdisciplinarity.  My ethnography of the Klose Lab pays attention to 
disciplinary integration in action, and thus contributes to a burgeoning research program 
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that has begun exploring how interdisciplinarity is achieved through textually mediated 
collaborative practices of calibration and alignment (Graham and Herndl, 2011, 2013; 
Herndl and Cutlip, 2014).  In my case studies of the Klose Lab (Chapters Four and Five), 
I pay special attention to moments of calibration and alignment to illustrate the 
importance of these practices in drawing scientists together in integrating microbiology 
and ecology.  In my case studies, these practices are mediated by graphic visualizations.  
So, secondly, my study answers a call in rhetoric of science to more thoroughly describe 
how traditions of visualizations have developed, and how they are currently employed.  
In microbial ecology, these visualizations have developed in efforts to integrate the 
laboratory and the field, two cultural spaces separated by a boundary that has been well 
patrolled for centuries.  
 
II. Disciplines, Interdisciplinarity, and Literate Practices 
 For the last six decades, ecologists have called for an integrated approach to the 
problems they are trying to solve (see, for example, Odum, 1964; Stolp, 1988; Loreau, 
2010).  Their efforts beg the question: What is impeding such an integrated approach?  
Part of the problem has to do with what disciplinary expertise has come to mean in the 
American university since what Graff (2001) calls “the nineteenth century origins of our 
times.”  Specifically, as Graff and other historians of academic literacy have 
demonstrated (Russell, 1997; Geisler, 1993), expertise has become linked to the 
supposedly autonomous “technology of literacy” (Street, 1984), which has contributed to 
divisions between academic experts and non-academic laypeople, and between experts in 
different disciplines and sub-disciplines.   
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 Geisler (1993) argues that toward the end of the 19th century the United States 
experienced a broad cultural movement of professionalization, and American universities 
followed suit.  As more people moved to cities and worked in collaborative 
environments, efficiency became a key to success, so a management class emerged to 
organize novice laborers.  This same managerial model was adopted at most universities 
to make them more efficient.  Academics were tasked with producing and organizing 
knowledge, and the task of novices was simply to acquire that knowledge.  The dilemma 
this produced—the “dilemma of expertise”—was that the universities had to 
simultaneously produce expertise, produce producers of expertise, and produce 
consumers of that expertise (Geisler, 1993).  “The American academy,” Geisler writes, 
“appears to have responded to this dilemma by using the technology of literacy to 
separate expertise into the two distinct dimensions of knowledge. The first of these is the 
dimension of domain content; the second, the dimension of rhetorical process” (Geisler, 
1993, p. 37).  This separation allowed instructors to introduce domain content 
abstractions early in students’ educations, and, if students continued into graduate 
education to become producers of expertise and experts themselves, they would learn to 
manipulate those abstractions and apply them to specific cases.  As Geisler puts it, “it is 
through the rhetorical problem space that they develop the reasoning structures that 
enable them to bring to those abstractions to bear upon the contexts in which they work” 
(1994, p. 35).  Thus, as novices move toward disciplinary expertise they come to 
understand domain content abstractions and the rhetorical processes through which those 
abstractions are applied as inextricable.  
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 Focusing primarily on the rhetorical problem space of disciplinary expertise, 
researchers have examined how novice scientists learn to read and write like experts 
(Haas, 1996; Blakeslee, 1997).  Science, technology, and society (STS) researchers have 
attended to the domain content problem space of disciplinary expertise by examining 
scientific work as “practical reasoning” (Knorr Cetina, 1981; Woolgar, 1988; Pickering, 
1995).  These studies agree that knowing and doing are inextricably bound to one 
another.  In other words, creating scientific knowledge is a craft. 
 But what kind of craft are we talking about?  It has been noted elsewhere 
(Spinuzzi, 2008), the word text derives from the Latin texere, “to weave,” and so it has 
been suggested that this is what texts do—they weave people, practices, and other texts 
together.  Investigating how interdisciplinary knowledge is constructed, then, involves 
paying attention to the literate practices and the texts involved in weaving fields of 
expertise together.  Until recently, most rhetoric and writing studies researchers have 
focused primarily on widely disseminated interdisciplinary texts.  Bazerman and De los 
Santos (2005) measure the success of interdisciplinary weaving in their study of 
toxicology and ecotoxicology by examining “field-defining statements of leading 
researchers” in those fields, the leading journals in those fields, and the textbooks and 
compendia of those fields (p. 430).  Wynn (2012) investigates the weaving of statistical 
argumentation with biology by examining the philosophical treatises arguing that such 
weaving was viable in the first place.  Journet (2005) examines the interdisciplinary 
weaving function of productively ambiguous metaphors in evolutionary biologist W.D. 
Hamilton’s landmark papers.  Ceccarelli (2001) focuses on the role of rhetorical figures 
in the reception of major interdisciplinary works by Theodosius Dobzhansky, who sought 
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to integrate Mendelian genetics with Darwinian natural selection, Erwin Schrodinger, 
who sought to integrate physics and biology, and E.O. Wilson, who sought to integrate 
social sciences with biology.  These studies are useful for understanding how scientists 
have succeeded—and how they have failed—at weaving disciplines together. 
 My study attends to the same sorts of texts that Bazerman and De los Santos, 
Wynn, Journet, and Ceccarelli examine in their studies.  However, while “field-defining 
statements” and monographs, articles from leading journals, and textbooks (which—and I 
will explain why in a few pages—I will refer to as “The Literature”) employ considerable 
rhetorical prowess, and while they can profoundly affect the trajectories of their fields, 
focusing on such texts alone may obfuscate the finer points of disciplinary integration. 
Analyzing these sorts of texts cannot tell us much about what Latour (1987) calls 
“science in action.”  The black-boxed “ready-made science” of textbooks and articles is 
one half of the Janus-faced figure Latour (1987) uses to characterize science, and so it 
must be taken into account, but it must be treated equally along with the other half—the 
controversial science that is still in the making.  “If you take two pictures, one of the 
black boxes and the other of the open controversies, they are utterly different,” writes 
Latour (1987, p. 4).  Such is the case with ecology.  The ready-made science instantiated 
in The Literature portrays the discipline as fraught with irreconcilable divisions between 
sub-fields.  But we get a different picture when we look at what goes on in the laboratory 
and the field.  We instead get a picture of ecological disciplinary boundaries as 
permeable, and we see ecologists crossing those boundaries with relative ease—relative, 
at least, to how ecologists discuss such boundary crossing in The Literature.  We instead 
get a picture of less controversy; or, at least, we see controversies bracketed in the 
	  11	  
interest of collaboration.  While disciplinary division seems inescapable in ready-made 
ecology, we see no such thing when we look at ecology in action. 
 We may liken Geisler’s (1994) domain content problem space with the ready-
made science half of Latour’s (1987) Janus figure, and the rhetorical process problem 
space with the science in action half.  So if we are going to attempt a holistic study of an 
ecological discipline—one which takes into account both sides of the Latourian Janus 
figure—we need to find and study the texts involved in science in action side of things.  
Therefore, to understand disciplinary integration we must go to the lab (and the field) 
where such integration is taking place because some crucially important scientific texts 
may not leave the laboratory, as Wickman’s (2010) study of laboratory notebooks in a 
chemical physics research facility attests. 
It is not a new argument that scientific disciplinary knowledge is enacted and 
mediated through literate practices.  Bazerman (1988), for example, shows how scientific 
knowledge has shaped and been shaped by developments in the genre of the experimental 
article.  Russell (1997) similarly demonstrates how the genres of reading notes, the 
research paper, and the lab report were imported from German universities to American 
ones in the late 19th century, and how those genres contributed to a “research ideal” 
model of disciplined higher education.  This research complicates commonsense 
understandings of disciplines as stable, neatly bounded contexts that determine rhetorical 
conventions and knowledge-making practices.  So how does an (inter)discipline such as 
microbial ecology stabilize and cohere? 
How I answer this question depends on my working definition of what a 
discipline is.  When I refer to ecology throughout this dissertation, I am referring to 
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something other than the ecology department or major (though the institutional 
dimensions of ecology certainly factor into my definition).  As Thaiss and Zawicki 
(2006) argue, “disciplines are much more fluid and elusive than the programmatic names 
suggest” (p. 13).  Prior’s (1999) sociohistoric case studies of graduate students’ 
enculturation into their disciplines find such fluidity in the mediational relationship 
between written genres and disciplinary expertise that Prior prefers the term 
“disciplinarity” as a way of understanding disciplines as enacted.  Disciplinarity, as Prior 
conceives of it, “point[s] to the complex configurations possible as practitioners are 
situated within multiple heterogeneous networks shaped by factors such as the objects of 
study, methodologies (including use of instruments), theories, nested institutional sites 
and roles, audiences, researcher biographies, and personal relationships” (1999, p. 16).  
While I do not address questions about how students develop a sense of disciplinarity 
through writing, my study aligns with Prior’s and Geisler’s, and with similar WID 
scholarship in that it focuses on how disciplines, and their integration, are enacted and 
mediated through literate practices. 
 
III. Visual Rhetoric in Science 
 One of the ways rhetoric of science research has attended to the rhetorical 
dimension of knowledge construction is by focusing on often-overlooked genre features 
that contribute to meaning making in various ways.  Rhetorical analyses of titles, 
abstracts, and introductions of scientific articles have demonstrated that these seemingly 
arhetorical features of these texts contribute significantly to how they are received 
(Swales, 1990; Berkenkotter and Huckin, 1993, 1995).  In a similar move highlighting 
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the rhetoricity of seemingly arhetorical genre conventions, scholars have acknowledged 
the role of visual (non-print-linguistic) means of persuasion in scientific communication.  
“Indeed,” write Harmon and Gross (2007), “one of the features that distinguish scientific 
communication from its more literary brethren is this heavy reliance on the visual.  
Scientific meaning is routinely a product of verbal-visual interaction” (p. viii).  As Gross 
and Harmon (2014) have observed more recently, rhetoric of science research has tended 
to focus primarily on the verbal aspect of scientific meaning making at the expense of the 
visual (pp. 6-9).  Because scientific communication tends to rely heavily on visuals, 
Jeanne Fahnestock (2005) suggests that rhetoricians develop “a particularly visual 
rhetoric of science [that] must come to terms with the many techniques of visual 
inscription used to generate evidence” (p. 284).  Toward this end, Fahnestock calls for 
rhetoricians to do “more work . . . in identifying traditions of scientific visualizations 
through time, always in relation to the technologies of visualization and reproduction 
available” (2005, p. 283).  This dissertation answers Fahnestock’s call by focusing on 
scientific visualizations that mediate the Klose Lab’s goal of disciplinary integration and 
how those visualizations developed.   
 Other disciplines have examined the role of visualizations in scientific meaning 
making, and this body of research provides us with much to draw on in our studies of 
developments of scientific traditions over time.  In history of science, Lorraine Daston 
and Peter Galison have examined how cultural shifts in dominant “epistemic virtues” 
between the eighteenth and twentieth century shaped the making of images in scientific 
atlases (Daston and Galison, 1992, 2007).  Early eighteenth-century scientific atlas 
makers adhered to the epistemic virtue of “truth-to-nature,” which encouraged them to 
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argue for “the realism . . . of underlying types and regularities against the naturalism of 
the individual object” (2007, p. 42).  In the mid-nineteenth century, a self-conscious 
attitude toward objectivity encouraged scientific atlas makers to strive toward the 
epistemic virtue of “mechanical objectivity,” which kept images free from the 
contaminating influence of human subjectivity (2007, p. 43).  Ultimately, as Daston and 
Galison demonstrate, images produced under the auspices of mechanical objectivity were 
so varied that scientific atlases could no longer serve their primary function of defining 
what constituted disciplinary objects.  This problem helped usher in the epistemic virtue 
of “trained judgment,” which required scientists to develop the ability to recognize 
patterns in images and potential for subjective influence, and then to adjust the images 
they produced accordingly (2007, pp. 43-44).   
 Lynch and Woolgar’s Representation in Scientific Practice (1990) provides a 
varied sample of research into how visualizations are integral to scientific thinking.  For 
example, in a study of collections of “split-screen” diagrams, photographs, and models 
and collections of “illustrations which display how a natural terrain is turned into a 
graphic field,” Michael Lynch argues that visualizations “are essential to how scientific 
objects and orderly relationships are revealed and made analyzable” (p. 154).  Similarly, 
John Law and Lynch argue that, in the practice of birdwatching, field guides mediate the 
very act of seeing birds.  In birdwatching, Law and Lynch argue, perception is developed 
and organized according to how “textually ordered ‘knowledge’ is elaborated in the 
course of practical investigation” (1990, p. 294).  The perception of the birdwatcher, then, 
is similar to the “trained vision” that Daston and Galison theorize, and perception and 
trained vision are mediated by visualizations. 
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 Perhaps because of its disciplinary roots in oratory and verbal communication, 
rhetoric of science has been slower to turn its attention to visual elements of 
communication.  The few studies that have approached scientific visuals from an 
explicitly rhetorical perspective have analyzed and theorized them according to their 
argumentative functions.  Fahnestock (1999) argues that certain rhetorical figures of 
speech epitomize scientific arguments.  Noting that the prevalence of metaphorical 
figures in scientific reasoning has been well established, Fahnestock identifies the under-
examined importance of the rhetorical figures of antithesis, incrementum, gradatio, 
ploche, and polyptoton in historical and contemporary scientific texts.  While she 
identifies these figures as they manifest linguistically in scientific texts, she also 
identifies them as they manifest visually in the forms of diagrams (p. 42), illustrations (p. 
67), and magnetic resonance images (MRIs) (p. 83).  As Fahnestock argues, these 
rhetorical figures—expressed verbally or visually—“do much of our thinking for us” 
(1999, p. xi)—the “us” in this case being the audiences weighing the arguments and 
scientists generating them. 
 Photographic visualizations have come under rhetorical scrutiny for how they 
operate as enthymemes in scientific work. As Sara Newman (2009) defines them, 
enthymemes are “informal and incomplete reasoning patterns; they are informal because 
they are based on popular opinion/cultural values and incomplete because a premise is 
left out of the statement.  When the audience gleans the missing premise, those 
individuals participate in the construction of the argument” (p. 281).  In her study of the 
“skull controversy” of the 1930s, Cara Finnegan (2001) focuses on how perceptions of 
photographs are based on a “naturalistic enthymeme” whereby “we assume photographs 
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to be ‘true’ or ‘real’ until we are given reasons to doubt them” (p. 135).  The “skull 
controversy” involved a photographer for the Resettlement Administration—a New Deal 
agency tasked with alleviating rural poverty—named Arthur Rothstein (Finnegan, 2001, 
p. 133).  Rothstein photographed a sun bleached cow skull that he found sitting on 
cracked, dry earth in the Badlands of South Dakota.  As those photographs were widely 
circulated in newspapers and magazines, the North Dakota newspaper, The Fargo Forum, 
printed one of the images with the headline, “It’s a fake!” (Finnegan, 2001, p. 133).  The 
validity of Rothstein’s cow skull photos was called into question in many other anti-New 
Deal publications, and, as Finnegan argues, the debates were not simply a matter of 
partisan politics, but had to do with “a series of deep tensions about the role of 
photographic representation in Depression-Era America” (2001, p. 141).  Newman 
(2009) applies Finnegan’s concept of the naturalistic enthymeme to 
chronophotography—the practice of arranging a series of photographs in a sequence that 
suggests movement over time.  Chronophotography is naturalistically enthymematic 
because the reader of the images provides the premise for their argument by assuming the 
movement suggested is naturalistic.  Thus, Newman argues that nineteenth century 
scientific chronophotographs employed by Charles Darwin, G.B. Duchenne de Bologne, 
and Etienne-Jules Marey established what she calls the “gestural enthymeme.”  These 
studies examine visualizations in terms of arguments and ask us to consider how readers’ 
assumptions provide the premises for visual arguments to function.  Such considerations 
are especially relevant to understanding how scientists understand the visual arguments 
that permeate their work. 
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 In a broader attempt at a general theory of how scientists understand different 
types of visual arguments, Gross and Harmon (2014) draw together Heideggerian 
hermeneutics and Allan Paivio’s dual coding theory, which is “a psychological theory 
that treats the verbal and the visual as two separate but equally important cognitive 
streams” (p. 46).  The step-wise model of verbal-visual interaction in scientific 
communication Gross and Harmon put forward based on their combination of Heidegger 
and contemporary cognitive psychology maintains that, “ in essence, viewers move from 
perception of an image to identification of its components, to interpretation of those 
components, and, finally, to the integration of visual into scientific arguments and 
narratives” (2014, pp. 301-302).  They apply this model to scientific visuals as diverse as 
astronomical photographs of supernovae, bar graphs depicting relative effectiveness of 
different drug regimens, three-dimensional digital renderings of molecules, and 
illustrations of fossils from disciplines as diverse as stellar astronomy, pharmacology, 
molecular biology, and chemistry.  Gross and Harmon emphasize that, unlike verbal 
semiotic modes of communication, visual ones have “evolved” much faster in scientific 
communication, “relentlessly exploiting the opportunities provided by . . . the printed 
page” (2014, p. 79).  In each case they focus on—from Boyle’s illustration of his air 
pump to animated simulations of astronomical phenomena—verbal-visual interaction is 
key to meaning making. 
 Some visual inscriptions, such as the ones analyzed by Daston and Galison, 
Fahnestock, Finnegan, Newman, and Gross and Harmon do eventually find wider 
circulation in scientific atlases, journals articles, textbooks, and the like.  But many more, 
as Wickman’s (2010) study of laboratory notebooks shows and my own research into the 
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Klose Lab confirms, do not.  Their absence from The Literature, however, does not mean 
that these inscriptions do not serve important rhetorical purposes.  They circulate through 
the science in action, and they mediate the enactment of scientific objects and scientific 
disciplines (cf. Latour and Woolgar, 1986).  If rhetoric of science has paid scant attention 
to visuals in The Literature of science, we have paid even less attention to the visuals that 
do not make it into The Literature.  The visuals I focus on in my case studies of the Klose 
Lab (Chapters 4 and 5) are graphs.  In Chapter 4 much of the case revolves around a 
sigmoid (s-shaped) graph, and in Chapter 5, much of the case revolves around an 
ordination graph.  I had not anticipated focusing so much on graphs, but I should not be 
surprised that these visualizations ended up drawing my attention.  After all, as Tufte 
(1983) and Brasseur (2003) have noted, graphs are among the most common visual 
representations of quantitative information.  Latour (1990) notes that “all laboratory 
observers [have] been struck by the extraordinary obsession of scientists with papers, 
prints, diagrams, archives, abstracts and curves on graph paper” (p. 39).  I was also struck 
by my participants’ “obsession” (though I do not know how extraordinary it is) with, 
particularly, curves on graph paper—or, as was more common in the Klose Lab, on 
computer screens.  I came to realize that those curves, as Fahnestock might say, do much 
of the thinking for them.  But, as I will detail in the following section, I am less interested 
a psychologically-oriented rhetoric of science focused on how my participants see or 
know the world and their (inter)disciplinary objects through their graphs; I am more 
interested in a rhetoric of science focused on how their graphs mediate their interventions 
in the material world and their (inter)disciplinary activities. 
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IV.  A Postplural Approach to Rhetoric of Science 
 The ubiquity of graphs warrants taking a closer look at their significance in 
scientific knowledge work.  I want to trace the traditions of these graphs back to their 
emergence as forms of argumentation in ecology and biology, but I also want to focus on 
how they act as mediators of disciplinary integration in situated practices.  As I argue 
throughout this dissertation, an important part of integrating microbiology and ecology is 
integrating lab work with fieldwork.  To understand how graphs mediate these differently 
situated practices, I take what has recently been dubbed a “postplural” approach to my 
analyses of these graphs (Graham and Herndl, 2013).  First I will explain what such an 
approach entails, and then I will discuss why I believe it is useful for my study and others 
like it. 
Annemarie Mol provides a good model for a postplural approach to rhetoric of 
science—one which emphasizes how practices enact multiple objects and realities, and 
which seeks to understand how those multiple objects and realities cohere.  In The Body 
Multiple (2002)—an ethnographic study set in “Hospital Z” in the Netherlands—Mol 
investigates the medical realities that are produced when a medical object is handled 
differently in different practices staged throughout the hospital (p. 5).  Mol focuses 
specifically on the object of atherosclerosis, and she describes how it is enacted 
differently, among different people, in different sites in Hospital Z.  That is, in practice, 
there is not one real atherosclerosis that is viewed through different perspectives; 
atherosclerosis is multiple, yet it somehow coheres into a relatively stable object, and 
medical practices also cohere into treatment regimens.  Mol observes that atherosclerosis 
is enacted by patients in their daily lives as “pain when walking.”  In the general 
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practitioners’ office, it is enacted as a drop in blood pressure.  In the laboratory, it is 
enacted as “a plaque that encroaches the vessel lumen.”  Despite the differences between 
these objects, they still cohere into a single atherosclerosis, and despite the differences 
between the enactments of the disease—all of which are discursively and/or textually 
mediated—many patients are successfully treated.  “The manyfoldedness of objects 
enacted does not imply their fragmentation,” Mol writes.  “Although atherosclerosis in 
the hospital comes in different versions, these somehow hang together” (2002, p. 84).  
The important question for Mol becomes, then, how do these multiple versions of objects 
and practices cohere? 
Very few rhetoric of science researchers have explicitly taken up a postplural 
approach, but those who have done so promote it for three interrelated reasons.  First, 
such an approach is built on a non-modern, post-human theoretical foundation, which 
fosters research into how collectives of humans and nonhumans work together.  Second, 
such an approach is especially well suited to study interdisciplinary work, which is 
increasingly common in contemporary science.  And third, a postplural approach 
considers the importance of place as it pertains to scientific knowledge work.  Let’s 
explore these reasons as they have been articulated one by one. 
 As Herndl and Cutlip (2013) argue, rhetoric of science—or, as they refer to it, 
rhetoric of technology, science, and medicine (RTSM)—“is shifting from a modern and 
humanist disciplinary focus to a non-modern and post-human focus” (p. 2).  To make this 
argument, they compare a chapter from Bazerman’s (1988) Shaping Written Knowledge 
titled “Making Reference” with Latour’s (1999) “Circulating Reference” chapter from 
Pandora’s Hope.  In the former, Bazerman analyzes physicist Arthur Holley Compton’s 
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notes and final publications and argues that Compton, who worked as an independent 
scientist, was enabled to “do good science” by the “developed system of scientific 
communication” (1988, p. 191).  Herndl and Cutlip particularly take issue with 
Bazerman’s characterization of “good science” as “precise exchange with phenomenon” 
through which “symbols of language come into contact with the world” (qtd. in Herndl 
and Cutlip, 2013, p. 188, emphasis Herndl and Cutlip’s).  The problem with this 
statement, they argue, is that it presupposes a natural world that exists independently of 
the scientist.  Bazerman’s conception of reference is built on an antiquated Kuhnian, 
Kantian foundation that is “fundamentally epistemological [and] driven by questions of 
representation and accuracy” (Herndl and Cutlip, 2013, p. 3).  Such questions, Herndl and 
Cutlip argue, are increasingly irrelevant to studies of science. 
Latour’s conception of reference, on the other hand, is built on a non-modern 
foundation of “quasi-objects” and “quasi-subjects” and “is an ontological and essentially 
pragmatist project” (Herndl and Cutlip, 2013, p. 3).  “Circulating Reference,” an 
ethnographic study of scientists in a Brazilian jungle, eschews modernist epistemological 
questions about ways of seeing in favor of practical the practical question, “how do we 
pack the world into words?” (Latour, 1999, p. 24).  Latour’s model of circulating 
reference closes the “gap between words and the world” by arguing that a long series of 
material and textual transformations take place in the actual doing of science (1999, p. 
24).  Whereas Bazerman’s humanist account focuses on how scientists engage most 
accurately with an already in-place external natural world, Latour’s post-humanist 
account focuses on how collectives of humans and nonhumans “are equally actants in the 
making of reality” (Herndl and Cutlip, 2013, p. 3).  Latour’s non-modern, post-human 
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approach has been taken up by Mol, who characterizes it as “shifting from understanding 
objects as the focus point of various perspectives to following them as they are enacted in 
a variety of practices [and] impl[ying] a shift from asking how sciences represent to 
asking how they intervene” (2002, p. 152).  Such a shift is important for rhetoric of 
science to understand how scientists act rather than how they know. 
 The second argument for a postplural approach to rhetoric of science is that such 
an approach is especially well suited to study scientific interdisciplinarity.  Graham and 
Herndl argue that “[i]nterdisciplinary work has become a virtually inextricable part of 
contemporary scientific practice” (2013, p. 104).  Realizing the importance of 
interdisciplinary work led them to their study of an interdisciplinary organization of pain 
management professionals, which they call the “Midwest Pain Group” (MPG).  In this 
study, Graham and Herndl (2013) follow in Mol’s (2002) footsteps by identifying 
multiplicities in an object that is enacted in differently situated practices.  Whereas Mol 
identified multiple atherosclerosises enacted throughout Hospital Z, Graham and Herndl 
identify six different pains that are produced in six different disciplinary practices: 
diagnostic medicine enacts pain as indexical sign, opiate pharmacology enacts pain as 
nociception, psychotherapy enacts a psychological pain, medical research and 
publications enact pain as statistical construct, multimodal pain management enacts a 
hybrid pain, and pain management theory enacts a phenomenology of suffering (p. 114).  
No single pain precludes another, and, through “the practical strategies of alignment, 
incorporation, coordination, and calibration” (p. 122), the MPG manages to invent hybrid 
interdisciplinary practices in which different pains cohere in the broader practices of 
treatment or diagnosis.  These practical strategies (alignment, incorporation, 
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coordination, and calibration), the authors argue, “describe a flexible repertoire of 
rhetorical processes for layering these practices” (p. 122).  My postplural analyses of the 
Klose Lab (Chapters 4 and 5) take up this repertoire of rhetorical processes because such 
processes are similarly employed to integrate microbiology and ecology.  Specifically, I 
demonstrate how these processes are mediated by verbal and visual communication. 
 A corollary argument to this second one is that, if a postplural approach to 
rhetoric of science is well suited for studying interdisciplinary work, it is also useful for 
conducting interdisciplinary work.  The discipline of rhetoric operates in both productive 
and analytical modes.  In its productive mode, rhetoric involves the production and 
guidelines for production of rhetorical texts and discourse; in its analytical mode, rhetoric 
is the study of texts and discourse (Burke, 1950; Fountain, 2014).  According to its 
“double nature” (Mailloux, 2006), rhetoric is a descriptive and prescriptive art.  Rhetoric 
of science is no different.  However, rhetoric’s long-standing reputation as a way of 
concealing or deflecting truth has hampered some attempts to bring its productive 
dimension to bear on the sciences.2  In their clarion call to the field of RTSM, Herndl and 
Cutlip argue that a postplural approach could help rhetoricians establish interdisciplinary 
relationships:  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 You can find evidence of rhetoric’s reputation as a means of concealing truth antithetical to the 
sciences by looking as far back as Socrates’s comparison of rhetoric to cosmetics in Plato’s 
Gorgias, or by looking as recent as Nobel Prize winning chemist Max Perutz’s 1995 statement 
(from a review of Gerald Geison’s The Private Science of Louis Pasteur), “I have known 
scientists who possessed great rhetorical skills which failed to conceal the shallowness of their 
research from their peers. . . . Good research needs no rhetoric.  Only clarity” (p. 58).  Or you can 
look to an even more recent statement made in 2014 by President Barack Obama during an 
interview sponsored by the blogging platform Tumblr.  Amid his discussion of his decision to 
pursue an education in the humanities, President Obama admitted, “I actually loved math and 
science until I got into high school, and then I misspent those years. And the thing about the 
humanities was, you could kind of talk your way through classes, which you couldn’t do in math 
and science, right?” (June, 2014). 
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RTSM will thrive if it builds interdisciplinary alliances, engages with our 
colleagues in science to help manage uncertainty and the threat of ecocide, and 
develops specific strategies and tools to put into practice our disciplinary 
intentions to make a difference. We should move from talking about science to 
doing science. (Herdl and Cutlip, 2013, p. 7) 
Herndl and Cutlip’s vision for RTSM is tied to their proposition that RTSM scholars set 
aside epistemological questions about how scientists can better see and know something 
and focus instead on questions of how scientists can better act together.  It is also tied to 
the non-modern shift from knowledge as primarily referential to knowledge as 
participating in reality (Mol, 2002, pp. 152-153).  “So the emphasis shifts,” writes Mol, 
“Instead of the observer’s eyes, the practitioner’s hands become the focus point of 
theorizing” (2002, p. 152).  Herndl and Cutlip see potential for rhetoric of science 
scholars to apply the kind of praxiological knowledge gleamed from the postplural 
theorizing about “the practitioner’s hands” to our teaching and interdisciplinary research.  
I will elaborate more on this potentially profound shift in Chapter 6.  
The third argument for a postplural approach is that such an approach calls 
attention to the places in which scientific objects are enacted, and asks how objects that 
are differently enacted in differently situated practices manage to cohere (Herndl and 
Cutlip, 2013; Graham and Herndl, 2013).  As I demonstrate in the following chapters, the 
integration of the microbiology and ecology involves the integration of the laboratory and 
the field.  A postplural approach to understanding disciplinary integration in the Klose 
Lab requires that I understand how these sites came to be understood as separate, how 
they are enacted as separate, and how their integration is rhetorically mediated. 
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Again, we may turn to our colleagues in sociology and history of science who 
have developed ways of understanding the work that goes on across sites of scientific 
practice.  Some of this scholarship has focused on the objects that traverse sites of 
practice.  Latour (1989) writes of “immutable mobiles,” which are the things capable 
withstanding transportation across boundaries such as the lab/field border.  These sorts of 
things include inscriptions, specimens, and samples.  They are “objects which have the 
properties of being mobile but also immutable, presentable, readable and combinable 
with one another” (Latour, 1989, p. 26).  Susan Leigh Star and James Griesemer (1989) 
coined the term “boundary object” to refer to things whose meanings are flexible enough 
that different types of actors can work with them and use them to work together.  Other 
scholarship has focused on how work is conducted in spaces created to accommodate 
interdisciplinary work.  Peter Galison (1996) posited the concept of the “trading zone” as 
a way for understanding how “a chaotic assemblage of disciplines and activities” 
managed to come together at the Los Alamos laboratory to develop a simulation method 
for modeling nuclear fusion reactions (p. 119).  A trading zone, as Galison defines it, is 
“an arena in which radically different activities could be locally, but not globally, 
coordinated” (1996, p. 119).  Within the trading zone of the Los Alamos laboratory, “in 
the heat of the moment,” the actors from various disciplines coalesced around a “a kind 
of pidgin language,” which emerged at first as “a matter of provisional utility” and 
developed into “a full-fledged creole: the language of a self-supporting subculture with 
enough structure and interest to support a research life without being an annex of another 
discipline, without needing translation into a ‘mother tongue’” (Galison, 1996, pp. 152-
153). 
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In addition to these sociologies and histories of science, David Livingstone’s 
(2003) Putting Science in its Place offers a geography of science.  Livingstone 
interrogates the role of sites of scientific practice (such as laboratories, fields, and 
musems) and regional and subregional settings (such as the Iberian peninsula and 
England during the European Scientific Revolution) in the production, circulation, and 
interpretation of scientific theories and standardization of methods.  From a rhetorical 
perspective, possibly the most interesting question Livingstone asks is, “Does the space 
where scientific inquiry is engaged . . . have any bearing on whether a claim is accepted 
or rejected?” (2003, p. 3).  Livingstone demonstrates that space has mattered a great deal 
when it comes to how claims have been received, and that the epistemological authority 
attributed to sites of scientific practices are inextricable from traditions of inquiry.  For 
example, Livingstone locates the epistemological authority inscribed in laboratory work 
within the “long-standing tradition in the West that retiring from society was a 
precondition for securing knowledge that was of universal value.”  He adds, “Prophets 
and seers withdrew into solitude and returned with insights devoid of parochial 
particulars.  Ironically, to acquire knowledge that was true everywhere, the seer had to go 
somewhere to find wisdom that bore the marks of nowhere” (2003, p. 21, emphases in 
original).  Knowledge derived from work in the field, on the other hand, is inscribed with 
a different sort of epistemological authority.  Whereas the lab derives its authority from 
its sense of placelessness, Livingstone observes that nineteenth-century “enthusiasts for 
field science regularly appealed to location as a key component in justifying their 
knowledge claims.  To them where science was practiced constituted an important strand 
in their arguments . . . . Credibility was, to a considerable degree, a matter of locality” 
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(2003, p. 42).  As Livingstone and others have demonstrated (Knorr Cetina, 1992; De 
Chadarevian, 1996; Kohler, 2002) principles of place-bound credibility are central to 
scientific disciplines, and, as this dissertation aims to establish, they are central to the 
divisions between microbiology and ecology. 
 In this section, I have summarized arguments in favor of developing a postplural 
rhetoric of science.  I find that a postplural approach is appropriate for studying the 
rhetoric of disciplinary integration because its non-modern, post-human philosophical 
foundation calls attention to the places in which disciplinary objects are differently 
enacted. Graham and Herndl’s work suggests that, when investigating how scientists 
achieve interdisciplinary cohesion, rhetoricians should shift their focus from what the 
epistemological differences are toward how disciplinary differences came about.  “The 
rhetorical question,” they argue, “ceases to be ‘What is your disagreement?’ and becomes 
‘Where does your problem come from?’” (Graham and Herndl, 2013, p. 123).  They 
conclude that those of us seeking to intervene in scientific controversies should take 
Mol’s advice:  “Don’t attend to what is loudest, the fight, but shift your attention a little, 
widen it, and try to see what all this noise is part of” (Graham and Herndl, 2013, p. 123, 
in reference to Mol, 2002).  The integration of microbiology and ecology relies on the 
integration of objects produced in the lab and the field.  As we shall see, making 
knowledge produced in the field cohere with knowledge produced in the laboratory is not 
a straightforward process, and it can cause tension and disagreements.  But if we shift our 
attention a little, widen it, we can see that all this noise is part of a long-standing division 
between site-specific ways of intervening in reality. 
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V. Social Drama 
 In accordance with this effort to widen my attention to understand what all this 
noise is a part of, I begin with a case study of a decade-long disciplinary “social drama” 
that played an important part in the emergence of ecology as a discipline distinct from 
biology.  The cultural anthropologist Victor Turner developed the concept of the social 
drama in his study of the kinship customs of the Ndembu of Northwest Zambia, which he 
published in 1957 as Schism and Continuity in an African Society.  Turner developed the 
social drama as a dramaturgical unit of analysis to elaborate his “processual” approach to 
social anthropology (1986, p. 34). Reflecting on his fieldwork with the Ndembu, Turner 
(1986) writes,  
I came to see a social system or “field” rather as a set of loosely integrated 
processes, with some patterned aspects, some persistences of form, but controlled 
by discrepant principles of action expressed in rules of custom that are often 
situationally incompatible with one another.  This view derived from the method 
of description and analysis which I came to call “social drama analysis.” (p. 72) 
According to Turner, public controversies tend to unfold in a four act social drama of 
breach, crisis, redressive action, and reintegration.  In Schism and Continuity, he 
demonstrates how, by attending to social dramas, researchers can identify principles that 
come into conflict and observe how, through a process of conflict-resolution, social 
cohesion is maintained. 
 In a way this dissertation is organized very similarly to Schism and Continuity.  
Turner’s study begins with a synchronic analysis by which he identifies sources of 
conflict in Ndembu society.  Turner found that matrilineal kinship customs and virilocal 
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principles of marriage practices whereby married women live in their husbands’ villages 
caused villages to split and prevented deep lineages from developing.  Moreover, the 
conflicting matrilineal customs and virilocal principles caused high divorce rates.  
“Clearly,” Turner writes, “a sort of structural turbulence is built into these normative 
arrangements.  For a village can only persist by recruiting widows, divorcees, and their 
children” (1980, p. 141).  Considering this structural turbulence, Turner then asks how, in 
the face of such conflict, Ndembu villages manage to cohere.  He answers this question 
with “an experiment in diachronic micro-sociology” wherein he investigates how the 
structural turbulence manifests in daily life via social drama analysis (1957, p. 328).  
Over the course of seven social dramas that he observed, heard about, or (in one case) 
was involved in, Turner found that conflicts were breached, crises developed, redressive 
mechanisms were put into place, and either reintegration was established or the parties 
dissolve into “a state of endemic, low-key conflict” (1986, p. 35).  As Turner puts it, “In 
the social dramas I have tried to show how in specific situations certain principles came 
into conflict, and how attempts were made to maintain the unity of the disturbed group 
despite such conflict” (1957, p. 328).  Social drama analysis emerged for Turner as a way 
of understanding Ndembu social cohesion as perpetually enacted and reenacted in 
performances meant to negotiate built-in turbulences.  I similarly describe a disciplinary 
schism that arose between ecology and biology in the 1960s and 70s (Chapter 3), and I 
then pivot to case studies to examine how the integration of microbiology and ecology is 
achieved (Chapters 4 and 5). 
Victor Turner has made a negligible impact on the field of rhetoric to date, but in 
the rhetorical studies that do reference his work, it is consistently to draw from his 
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emphasis on performativity.  In his discussion of how political campaigns mobilize 
supporters through public events such as concerts and other multimedia events, Christian 
Lahusen (1996) draws from Turner’s definition of rituals as “the performance of a 
complex sequence of symbolic acts” because such a definition allows rhetoricians, who 
may be overly concerned with formal features of public events, to “broaden our 
understanding of the structure and impact of these public events” (p. 298). In his study of 
the emergence of gay authorship practices in the early 1970s, Thomas Zebroski (2011) 
employs Turner’s (1969) argument that culture develops via a process of negotiating 
tension between structure and anti-structure.  Zebroski argues that Turner’s work is 
useful because it “supplements and corrects rhetoric’s blind spot, its tendency to reduce 
all situations, as diverse as they be, to a given situation in an existing social structure” 
(2011, p. 269).  In other words, Zebroski argues that Turner’s attentiveness to situated 
performances of social cohesion offers a way to correct for rhetoric’s structuralist 
tendencies.  Elsewhere, Turner is only mentioned fleetingly as a means of linking rhetoric 
with cultural studies (Clifford and Marcus, 1986, p. 98; Strecker and Tyler, p. 2), and I 
am unsure why this link has not been more fully developed among scholars of cultural 
rhetoric.  The most thorough rhetorical treatment of Victor Turner has come from the 
rhetoric of science and Alan Gross. 
Gross has twice turned to Turner’s model of “social dramas.”  First, to the “battle 
over black lung disease” in the late 1960s (Gross, 1984; see also, Gross, 2006), and 
second, to examine the recombinant DNA controversy of the 1970s (Gross, 1990).  Each 
controversy was handled in a way that was meant to “contain conflict, to see to it that 
public controversy leads not to revolution, but to a reaffirmation or reordering of existing 
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social values” (Gross, 1984, p. 397).  Working toward this end, each case followed the 
four-phase structure of the social drama: first, a “breach” occurred when one party defied 
some social routine at the expense of the interests of another party; second, the breach 
escalated into a “crisis,” and the two parties grew more polarized; third, the crisis 
escalated into the “redressive action” phase, which involves some kind of outside 
adjudicator to settle the issue; and fourth, redressive action lead to “reintegration,” 
whereby the two parties either established a new status quo together or remained stuck at 
odds.   
Gross’s Turnerian analysis of the recombinant DNA controversy exemplifies a 
social drama wherein the balance of power between scientists and an offended public was 
called into question (Gross, 1984, 1996).  Geneticists considered recombinant DNA 
research promising because it would allow them new ways of studying the structure of 
genetic material.  However, this research was controversial because it involved 
manipulating and combining genetic material from disparate sources, and activists grew 
concerned that this could result in new pathogens (see Stitch, 1978).  The first phase, the 
breach, occurred when geneticists broke social convention by unilaterally creating and 
judging their own ethical standards and procedures for conducting recombinant DNA 
research.  The second phase, the crisis, emerged when the parties crystallized into 
polarized factions as “the opponents of recombinant research wrested the issue from the 
control of the scientific community and successfully brought their case into the relatively 
uncontrolled arena of public debate” (Gross, 1996, p. 188).  In the third phase, redressive 
action, the debate was brought before federal courts and local legislatures—“arenas 
expressly dedicated to social closure” (Gross, 1996, p. 188).  Finally, the fourth phase, 
	  32	  
reintegration, did not play out as either the “healthier” or “less positive” versions of 
reintegration Turner lays out.  Instead of the breach either being resolved (the “healthier” 
version of reintegration), and instead of the larger social recognition and legitimization of 
the breach as a simple fact (the “less positive” version), the social drama of recombinant 
DNA was left unresolved.  Gross concludes that the recombinant DNA social drama is 
“one of a set of recurring conflicts concerning science and technology, all of which 
embody a similar clash of purposes: Americans want the benefits of a nearly totally 
protected science and technology, and none of the risks that nearly total protection 
entails” (Gross, 1996, p. 190).  In other words, the recombinant DNA social drama is a 
manifestation of a larger social drama between the conflicting interests of a pluralistic 
public. 
The social drama of the recombinant DNA controversy reminds us that any 
perceived boundary between the science and society can be dismantled through intense 
rhetorical effort and a seemingly stable balance of power between the two can be 
upended.  In the case of the black lung controversy, coal miners aligned with medical 
scientists to oppose coal industry leaders in a battle over whether black lung should be 
redefined as a disease.  Ultimately, the miners, medical scientists, and a cadre of other 
sympathetic parties altered the very idea of what might be counted as a disease, and the 
miners were compensated appropriately.  The volunteers who helped the miners achieve 
their goal continued trying to extend the successes of the black lung case into other 
industries, such as quarry and textile workers, but the miners were not interested in such 
sweeping social change, and so they no longer offered their support to such efforts.  
Moreover, politicians worried that more federal aid for workers compensation could 
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quickly become too expensive.  Thus, with faltering support and political resistance, the 
social status quo quietly reasserted itself (Gross, 2006, pp. 153-61). 
Gross’s analyses argue that boundaries between sciences and publics are 
negotiable.  Such boundaries are not fixed, but are rhetorically enacted and reenacted.  In 
the decades leading to the recombinant DNA social drama, geneticists had enacted and 
reenacted a firm boundary between themselves and their publics.  What went on in the 
laboratory, geneticists argued, was solely the purview of experts.  Through rhetorical 
effort, though, members of the public enacted a new boundary.  Moreover, the 
enactments and reenactments of these boundaries enact different realities.  The reality of 
occupational disease prior to the black lung social drama did not include black lung.  But 
miners and their supporters enacted a new reality in which black lung is enacted as a 
disease.  Any boundary between science and society is, as Annemarie Mol puts it, “part 
of a practice.  It is a reality enacted” (Mol, 2002, p. 44, emphasis in original). 
Gross’s Turnerian analyses of the recombinant DNA debates of the 1970s and the 
controversy surrounding black lung disease during the 1960s show that seemingly 
discrete controversies may be reenactments of long-standing ideological controversies.  
Moreover, Gross’s analyses show how boundaries between scientific and social 
“spheres” are enacted and reenacted, and how, through intense rhetorical effort, those 
boundaries can be redrawn.  My Turnerian analysis of the emergence of ecology during 
the IBP decade (1964-1974) shows that the boundaries between the disciplines of biology 
and ecology were also enactments of long-standing disciplinary controversies.  And the 
case studies that follow show that those boundaries are still enacted even in attempts to 
integrate the two disciplines. 
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 I consider Turner’s overarching processual model of social anthropology a point 
of confluence between the trajectories of the sociohistoric writing studies research and 
postplural rhetoric of science as I have sketched them out above.  Like Prior’s 
sochiohistoric approach to disciplinarity, Turner’s processual approach eschews 
structural assumptions about fixed, deterministic social structures in favor of a process-
oriented approach to understanding how social order coheres.  And, like Graham and 
Herndl’s postplural approach to rhetoric of science, Turner’s processual approach shifts 
emphasis “from competence to performance” (1986, p. 2).  That is, Turner was less 
interested in describing how social structures are understood and more interested in 
understanding how such structures are continuously enacted.   
 Moreover, I begin with a Turnerian social drama analysis because, as Turner 
argues, social dramas “provide the ‘raw stuff’ . . . from which less existentially embedded 
cultural genres escape” (1986, p. 42).  In Chapters 4 and 5, I examine genres of graphic 
visualizations that mediate the integration of microbiology and ecology.  These genres 
emerged as responses to disciplinary social dramas, and tracing them back to their 
emergence is a way of taking up Fahnestock’s (2005) call to do “more work . . . in 
identifying traditions of scientific visualizations through time” (p. 283).  More than just 
identifying traditions of scientific visualizations, tracing these genres to their emergence 
is a way of understanding how they became traditional, and then examining these genres 
in use is a way of understanding how they are enacted as traditional—how that is they are 
continuously traditionalized. 
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VI. Disciplinary Contexts and Scientific Texts  
 This dissertation is about the relationships between the scientific texts that my 
participants use, and their disciplinary contexts.  Because texts and contexts are my foci, 
and because the meanings of these terms are somewhat contentious, I should attempt to 
clarify what I mean when I use them, and how those meanings have shaped my research 
design. 
 Let’s start with “context.”  How a rhetoric and writing studies researcher 
understands context defines and delimits how that researcher understands writing and 
writers, and rhetoric and rhetoricians (Piazza, 1987), and, for the reasons discussed 
above, disciplinary contexts can be especially difficult to define and delimit.  As I was 
first interested in the epistemological question of how ecologists understood their 
discipline and negotiated different understandings, my methodological approach to the 
ethnographic part of this study is rooted in third-generation activity-theory (3GAT).  
3GAT was developed by Engestrom (1987) as a methodology toward gaining a 
phenomenological understanding of an activity, then using that insight as a means of 
“identifying the personal and geographical locus and limits of the activity” (Engestrom, 
1990, pp. 77-79; qtd. in Spinuzzi, 2011).  3GAT researchers often focus on 
“contradictions” between activity systems, which agents within those systems perpetually 
work to resolve, and the researchers describe how this work toward resolution 
qualitatively changes the whole activity (Spinuzzi, 2008).   
Contradictions potentially occur across three levels of activity—the micro, meso, 
and macro level—and these three levels are the contexts to which any 3GAT study 
attends (Russell, 2009).  The micro level is the context of habitual operations, the meso 
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level is the context of conscious, goal-directed actions, and the macro level is the context 
of culture, which is enacted (usually) unconsciously.  3GAT is concerned with how 
unconscious activities, commonly relegated to the purview of mentalist explanations, 
shape and are shaped by broader social and historical levels of organization.  “Activity 
theory,” as Blakeslee (1997) writes, “thus attempts to synthesize social and cognitive 
components of learning, seeing these as two sides of the same coin instead of as 
dichotomous or mutually exclusive perspectives” (p. 126).  In writing studies research 
3GAT is a useful framework for understanding, for example, how a student develops 
micro level writing habits via broader processes of macro level disciplinary acculturation 
through meso level discipline-specific writing tasks.  As I will discuss more fully in the 
next chapter, considering context in terms of three organizational levels of activity was 
useful for my data collection and analysis.  The texts I examine can be divided into three 
sets that coincide with the micro, meso, and macro contextual levels. 
 What we might call the macro level texts includes influential journal articles, 
textbooks, and monographs from the past hundred years of ecological scholarship.  I refer 
to these texts broadly throughout as “The Literature.” Attending to The Literature is 
useful for understanding the “ready-made science” half of the Latourian Janus figure.  
Rhetorical and writing studies research has attended to The Literature in sciences to 
understand how generic strategies for argumentation have shaped the way scientific 
knowledge is crafted (for example: Bazerman, 1988; Myers, 1990; Berkenkotter and 
Huckin, 1993; Ceccarelli, 2001; Harmon and Gross, 2007; Wynn, 2012).  Such studies 
are valuable for understanding how macro level conventions emerge.  But too much 
attention to The Literature can draw attention away from the micro- and meso-level 
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activities that may deviate from those conventions.  The Literature may seem like a 
strong, deterministic set of texts, so I give it the rhetorical oomph of capitalization to 
suggest its inflated stature.   
 As deterministic as The Literature may seem, however, I agree with Latour’s 
assertion that a deflationary tack is crucial to understanding visualization in the sciences:  
It seems to me that the most powerful explanations, that is those that generate the 
most out of the least, are the ones that take writing and imaging craftmanship into 
account. They are both material and mundane, since they are so practical, so 
modest, so pervasive, so close to the hands and the eyes that they escape attention. 
Each of them deflates grandiose schemes and conceptual dichotomies and 
replaces them by simple modifications in the way in which groups of people 
argue with one another using paper, signs, prints and diagrams.  (1986, p. 3) 
This brings me to the second, micro level, set of texts I examine.  These include the more 
mundane ones that circulate throughout my participants’ day-to-day work—notes, labels, 
data spreadsheets, photographs.  These I designate using the Latourian term 
“inscriptions,” which “refers to all the types of transformations through which an entity 
becomes materialized into a sign, an archive, a document, a piece of paper, a trace” 
(Latour, 1999, p. 306).  Attending to inscriptions is useful for understanding the “science 
in action” half of the Janus figure.  Whereas readings of The Literature may show us how 
a scientists see their discipline as a paradigmatic way of knowing, a focus on inscriptions 
“deflates grandiose schemes and conceptual dichotomies and replaces them by simple 
modifications in the way in which groups of people argue with one another using paper, 
signs, prints and diagrams” (Latour, 1990, p. 21).  In other words, a focus on The 
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Literature may assume a top-down approach to disciplinarity whereby conventions and 
disciplinary objects are relatively stable; however, a deflationary tack focused on 
inscriptions assumes a bottom-up approach whereby conventions and disciplinary objects 
are reproduced and reified through cyclical practice. 
 The third set of meso level texts I examine mediate between the local, day-to-day 
material lab- and fieldwork and the broader conceptual discipline.  As such, I call them 
intermediary texts or “intermediaries.”  Intermediaries are not everyday texts, such as lab 
notes, nor are they as infrequently produced as articles and monographs can be.  They are 
texts that simultaneously shape and are shaped by both The Literature and inscriptions.  
Intermediaries act as crucial nodes in the socio-material networks that we call disciplines.  
Chapters 4 and 5 each revolve to a large extent around one type of intermediary—a 
graph.  The intermediary I focus on in Chapter 4 is a sigmoid (S-shaped) curved graph, 
and the intermediary I focus on in Chapter 5 is an ordination graph.  Both graphs are the 
products of many hours of labor, yet they are only parts of broader arguments.  They are 
argumentatively crucial, yet they are materially small.  They are inflated, but only 
halfway.  And like a half-inflated raft, they are not capable of carrying much.  The 
intermediary graphs cannot carry all the argumentative weight (or at least not very far), 
but the argument would surely sink without them. 
 This dissertation examines the roles that The Literature, inscriptions, and 
intermediaries play in the Klose Lab’s goal of integrating microbiology and ecology.  
Such integration is messy work, but my participants manage the mess, and, in the final 
chapter of this disseration, I consider how their methods of mess management could be 
extrapolated to other disciplines that require similar integration. 
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Chapter 2 
 
Research Setting, Participants, Methodology, and Findings 
 
I. Introduction 
 This study examines the ways scientists in the Klose lab enact the lab’s shared 
goal of integrating microbiology and ecology and the mediating roles that texts play in 
that enactment.  First, to understand what might impede disciplinary integration, I 
conducted a Turnerian analysis of a disciplinary social drama that occurred in the 1960s 
and 70s.  This social drama contributed to the emergence of ecology as a discipline 
distinct from biology.  Second, to answer the question of how the process of integration 
works, I report on a yearlong qualitative study of the Klose Lab.  During this 12-month 
study, I conducted observations of my participants at work in the lab, in the field, in 
meetings, and at academic conferences, and I sometimes acted as a participant-observer. I 
also conducted nine semi-structured interviews with my participants, and I collected 
textual artifacts.  Analyzing this data led me to focus on two case studies from this 
fieldwork that illustrate the key concept of textually mediated disciplinary integration that 
forms the main argument of the dissertation. 
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Methods Aims Output 
Observation/Participant-
Observation 
Observe participants at 
work and help them 
whenever possible; 
document their habits and 
practices to gain insight 
into how disciplinary 
integration is enacted in 
these practices. 
~120 pages of handwritten field 
notes; ~50 pages of typed post-
observational memos; ~2 hours 
of audio recording of a project 
meeting; ~75 photographs. 
Interviews Document how participants 
discuss their work to gain 
insight into how they 
perceive their work and the 
role of writing and graphic 
visualizations in it.  
Nine semi-structured interviews 
with four participants, 
amounting to ~17 hours of talk.  
Textual Artifacts Collect inscriptions that 
participants use and 
produce in their work to 
gain insight into how these 
inscriptions mediate their 
practices. 
Hundreds of documents 
including hand-drawn 
diagrams, experiment 
protocols, drafts of project 
proposals, data tables, digital 
slideshow presentations, 
microscopic photographs, 
brochures for genetic material 
supply companies. 
Table 2.1.  Methods, Aims, and Outputs. 
 In this chapter I will describe the participants and sites involved in my research, 
my procedures for collecting and analyzing my data, and the methodological framework 
guiding these procedures.  I do not wish to suggest that my study progressed in a 
straightforwardly linear fashion.  As I will discuss, it is important for writing and rhetoric 
studies researchers to try to fully describe their relationship to their objects of inquiry, 
and my relationship to my objects of inquiry shifted over the course of my study.  These 
relationships are influenced by institutional, disciplinary, and personal exigencies.  
Working amid this dynamic matrix of influence, researchers’ attitudes toward their 
objects of inquiry fluctuate, and these fluctuations shape the methods by which 
researchers approach their objects.  It is important to develop “harmonious” methods for 
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studying, and metaphors for conceptualizing, those objects—and this development 
sometimes requires some on-the-fly adaptation (Fleckenstein, et al., 2013).  I will explain 
why and how I adapted my research methods as I adjusted and re-adjusted my activity 
theory-oriented methodological framework. 
 An especially relevant principle to studies of scientific literate practice is 
reflexivity. Simply put, reflexivity maintains that as workers reproduce the natural or 
social order that they work within—that is, as they reproduce recognizable situations—
that social order is "indexed" in the discourse used to produce it.  For example, Lynch 
(1997) points out that terms like "transcription" and "translation" and "sequencing" in 
micro- and molecular biology operate on two registers: the material register in which they 
produce natural structures, and the methodological register that structures the work 
scientists do.  Just as DNA and RNA transcribe and translate and sequence to provide 
instructions for structuring and maintaining natural processes, biologists transcribe and 
translate and sequence to provide methodological instructions for other scientists to 
structure and maintain scientific work (cf. Jordan and Lynch, 1992).  In other words, 
explanations of social phenomena should pertain to the researcher as well as the 
researched phenomena (Bloor, 1976).  Reflexivity applies to sociological accounts of 
scientific practice as well.  Just as scientific analytical practice is heterogeneously 
influenced and dynamic, so is my own work.  Just as my participants’ work is mediated 
by inscriptions, intermediaries, and The Literature, so is my own.  In this chapter, then, I 
self-consciously try to acknowledge the principle of reflexivity at work in my research.  
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 While it is outside the scope of this dissertation to get into a thorough discussion 
of constraints and affordances of reflexivity in social science research,3 I do not want to 
give the impression that I believe true systematic analysis impossible.  Not at all.  I agree 
with Bazerman, who writes, “Self-consciousness, reflexivity, to a writer is simply 
knowing what you are doing, not undermining what you do” (1988, p. 12).  Along this 
line of reasoning, I advocate for a different kind of reflexive systematicity—one that 
considers the questions that Mol (2002) suggests asking of empirical research: 
Is nature made to speak, or is a materials and methods section put somewhere 
prominently?  Is “a culture” presented as if it existed out there, independent of the 
ethnographer who happened to come round to study it, or is it made clear 
throughout the writing that the stories told depend on scenes the author was a part 
of, even if it was only as an observer?  Is the subject of writing staged as an 
observing outsider present in scenes she turns into “material,” or rather as 
someone who approaches the field with fascinations, passions, and theoretical 
baggage that deserve a lot more attention than they get in methodological attempts 
to rule them out? (p. 159) 
Asking these questions is important because doing so requires that I situate myself within 
my study—to question my relationship to my object of inquiry.  These questions are in 
keeping with the kind of non-modern approach to rhetoric of science research for which 
Herndl and Cutlip (2013) explicitly advocate.  They remind me that I am not separate 
from the outside world.  I am not, as Latour puts it, a Cartesian “brain-in-a-vat,” 
somehow disentangled from a reality that exists “out there” independent of me (1999, p. 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3	  A thorough discussion of these constraints and affordances (along with “reflexions” on this 
discussion) can be found in Steve Woolgar’s (1988) edited collection, Knowledge and Reflexivity. 
	  43	  
3).  I do not wish to rule myself out of my research; indeed, some of what I consider my 
most compelling data comes from moments when I was an active participant rather than a 
passive observer. 
 
II. The Research Settings 
 I conducted most of my ethnographic research across three settings: Plymouth 
Hall, which houses the university’s biology department; the Klose Lab, which is located 
in an annex of Plymouth Hall; and Tinkers Creek, which is the largest tributary of the 
Cuyahoga River.4  In this section I describe the primary settings to provide a sense of 
where my participants’ work, and my ethnography, is staged.5 
 To say that scientific work is staged is a small but important way of highlighting 
the performativity of such work.  Social science research has gradually grown confident 
in discussing ontological questions about material objects that were once the strict 
purview of the sciences because theories about the enactment of such objects have helped 
us understand the “ontological theater” (Pickering, 2010, p. 21) in which identities (of 
both human subjects and nonhuman objects) are performed.  Mol (2002) puts it this way:   
The dividing line between human subjects and natural objects has been 
breached—but not in a way such that physics can take over the world, or that 
genetics is allowed to explain us all.  The (serious) game played here makes a 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4 Keeping with institutional safety and liability standards, I underwent OSHA laboratory safety 
training and signed a “hold harmless agreement” absolving the university and all members of the 
Klose Lab of any responsibility should I have been injured during my study.  I was never injured, 
but I did break my watch during a trip to Tinkers Creek. 
5 It should be noted that Plymouth Hall, the Klose Lab, and Tinkers Creek were not the only 
places that my study took place.  I also conducted interviews in an on-campus coffee shop and in 
a cafeteria, and I attended a research symposium on issues of sustainable water usage, which was 
partially organized by Dr. Klose, and at which my participants presented their research.  Most of 
my data, however, was collected at the three primary sites, so those are the sites I focus on.	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move that is the other way around: like (human) subjects, (natural) objects are 
framed as parts of events that occur and plays that are staged.  (p. 44, emphasis 
added) 
In other words, my study does not suggest that we can replace all-encompassing theories 
about how “nature” or the “social” constructs reality.  Reality—including human 
identities and natural objects—is, instead, enacted in differently situated performances.  
The shift from construction and enactment is slight but crucial.  Instead of focusing on 
how a scientific fact or a natural reality or a genre convention was once contentious but 
was constructed into relative stability, I want to focus on how those things are still 
enacted and re-enacted in situated practices.  John Law sums enactment up nicely when 
he writes,  
To talk of enactment, then, is to attend to the continuing practice of crafting. 
Enactment and practice never stop, and realities depend upon their continued 
crafting – perhaps by people, but more often . . . in a combination of people, 
techniques, texts, architectural arrangements, and natural phenomena (which are 
themselves being enacted and re-enacted). (2004, p. 56) 
Scripts for these enactments may carry over from one situation to another, but how a 
script is performed and how it is interpreted depends, to a large extent, on where it is 
staged and what actors and props are involved.  The following descriptions of my 
research settings are meant to accentuate some of the features of the staging that shape 
the enactment and interpretation of the performances found therein. 
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Plymouth Hall 
 Plymouth Hall, which is home to the university’s biology department, was built 
between 1965 and 1968.  Upon its completion, it hosted a research symposium focused 
on the Cuyahoga watershed system.  As the opening remarks made clear, the event also 
served as a dedication ceremony that consecrated the building as a site of disciplinary 
integration.  The introductory speaker noted that faculty members from the departments 
of biological sciences, geography, geology, and sociology and anthropology had 
coordinated in organizing the symposium around a common goal of treating the 
watershed as an interdisciplinary object.  The history of the building and its initially 
ordained purpose still resonate throughout the building.  The walls at the stairwell 
landings feature large painted murals.  One mural depicts a fish jumping out of a river 
(see Appendix B, Figure B.1).  Another depicts fluoresced microbes set against a black 
background.  Some hallway walls are adorned with research posters that feature colorful 
microscopic images alongside charts, tables, and print-linguistic text.  In depicting the 
natural world in micro and macroscopic detail, these images suggest that the work that 
goes on in the building is interested in researching the connections between microbes, 
animals, and environments.  Large glass cases line some hallways.  Some contain 
skeletons and skulls of various animals and taxidermied birds and small mammals (see 
Appendix B, Figures B.2 and B.3).  Some of these animals are deteriorating.  Other 
adjacent display cases hold photographs and texts, such as a papier-mâché tombstone that 
lists recently extinct species of animals.  Doors to offices are adorned with comic strips 
making light of some aspect of scientific work. 
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 These are more than décor; they are genres that give texture to Plymouth Hall and 
inform what it means to be a biologist—what it means to do biology.  “Genres,” as Jason 
Swarts (2007) notes, “point to and belong to places.  They embody routine work practices 
and habits of mind that are supported by surrounding props. Genres also serve as the 
props themselves” (p. 281).  The research posters display the culmination of biological 
work. The cartoons taped on doors describe the quotidian experiences of biologists.  
Panels from Gary Larson’s The Far Side are a common sight.6  The taxidermied animals 
embody the routine work practices of the discipline of biology as it was practiced in the 
eighteenth century when specimens were collected in cabinets in museums for the 
purpose of comparative study and classification (Rudwick, 2005).  The taxidermied 
animals that are posed—for instance, the coyote with the field mouse between its teeth—
carry traces of nineteenth century biology, when taxidermist Philipp Leopold Martin 
introduced his program of “practical natural history,” which involved portraying 
taxidermied specimens in various “theatrical genres of display” (Nyhart, 2009, p. 53).  
These specimens are a good example of the importance of staging in scientific 
knowledge.  Were the theatrical genre of “coyote with field mouse” performed in an 
exhibit labeled “The American Southwest” in a natural history museum, its arrangement 
in relation to other props and genres would allow it to tell a different story to a different 
audience, and its staging within a museum setting would imbue it with a different sort of 
epistemological authority.  “Coyote with field mouse” is staged, however, in a hallway—	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6 Stephen Jay Gould has noticed this in the university labs he has worked at as well.  “Something 
amazing has happened to the doors and bulletin boards of academic corridors in the natural 
sciences,” Gould writes in his introduction to The Far Side Gallery 3, “These blank spaces are 
traditionally festooned with bits of humor chosen to make statements about serious issues in 
science or laboratory life. . . .  No kidding and no exaggeration; I think that about eighty percent 
of my colleagues’ doors now sport a Larson cartoon” (Larson, 1988, “Foreword,” para. 2).  I did 
not do the math, but I would say the percentage in Plymouth Hall is also about eighty percent.   
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elsewhere strewn with discarded office furniture and broken computers labeled 
“TRASH” and refrigerators labeled “DO NOT THROW AWAY”—that links classrooms 
with laboratories and offices.  It is staged, that is, in what Marc Augé (1995) calls a “non-
place.”  A non-place is a space that either lacks a stable, or at least semi-stable, identity, 
history, and set of relations or—as is the case with the Plymouth Hall hallway—where an 
excess of multiple identities, histories, and relations converge (Augé, 1995, pp. 36-37, 
77-78).  
 My point with this discussion of places, genres-as-props, and epistemological 
authority—a discussion I shall resume in later chapters—is simply this: “coyote with 
field mouse” as staged in a museum is enacted differently than “coyote with field mouse” 
as staged in a crowded Plymouth Hall hallway, so matters of staging are crucial when it 
comes to the enactment of disciplines objects.  Moreover, integrating disciplines is about 
more than bringing props and genres together by putting them next to each other or even 
displaying them in the same display case.  Integration involves work that makes coherent 
relationships between disciplinary props and genres. 
 
The Klose Lab 
 Compared to the non-places described above, the Klose Lab has a more singular 
identity, history, and set of relations.  Located in an annex that is separated from the 
cluttered hallways of Plymouth Hall proper by a keycard-locked door, the Klose Lab is 
decidedly a place with a decided purpose: the integration of microbiology and ecology.   
 The Klose Lab was established in 1994, when Dr. Klose joined the biology 
department faculty, and since 1996, it has brought in over six million dollars in grant 
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funding and graduated eleven students with masters degrees and eight students with 
PhDs.  At the time of my study, the Klose Lab included one student working toward a 
Master’s degree and five doctoral students (one of whom completed her degree during 
my study). Dr. Klose describes her lab as “typical for my field, regardless of the 
institution, with more doctoral students than average.”7  
 Some may see the prevalence of graduate students in the Klose Lab as an 
indication that it is not a worthwhile site for the study of scientific knowledge production.  
“How,” one might reasonably ask, “am I to understand the disciplines of microbiology 
and ecology, and the integration of the two, from observations of and interviews with 
primarily novices?”  I have two responses to this question.  First, we cannot understand 
entire disciplines and disciplinary integration without studies of disciplinarity and 
interdisciplinarity in action.  University laboratories, such as the Klose Lab, are therefore 
worthwhile research sites because, as studies of situated learning have demonstrated, the 
processes through which disciplinarity is enacted are most thoroughly obviated when 
they are being taught according to the apprenticeship model for which graduate-level 
science is known (see, Lave and Wenger, 1991; Blakeslee, 1997; Ding, 2008; Paré, 
Starke-Meyerring, and McAlpine, 2009). 
 Second, such a question may undervalue the work of graduate students, and begs 
the questions: Who counts as a scientist?  How can we measure the contribution of 
novices?  One way to measure the contribution of graduate students might be in terms of 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7 I compared the number of graduate students in the Klose Lab to the number of graduate students 
at other research universities.  Columbia University’s McGuire Microbial Ecology Lab hosts 
three graduate students.  The Allison Lab at the University of California Irvine and the Microbial 
Ecology and Biogeochemistry Lab at the University of Maryland each house four graduate 
students.  University of New Hampshire’s Soil Microbial Ecology Lab houses five graduate 
students. 
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authorship.  In a study of authorship patterns in 133 articles published in the journal 
Science between 2007 and 2008, Paula Stephan and Grant Black, who study the 
relationships between knowledge production, economics, and academic 
professionalization in the sciences, found that 115 (86.5 percent) included a post-doc or 
graduate student as an author.  A sample of 133 articles listing nine authors or fewer 
included 28 biology studies, 27 of which included post-docs or graduate students.  Of 
most interest to my argument here is the fact that of the 648 authors analyzed in the 
study, 108 were graduate students (Stephan and Black, 2008, pp. 15-16).  One in every 
six authors was a graduate student.  Moreover, in a slightly larger sample of Science 
articles (including all multi-author papers published between 2007-2008), Stephan and 
Black found that 41 of 141 (33.4 percent) first authors were graduate students (2008, p. 
20).  If we are to take authorship as a measure of contribution, an analysis of The 
Literature shows that work of established experts is only part of the picture.   
 My argument for the Klose Lab as a useful research site in a study of disciplinary 
integration comes down to this:  When we focus on the enactment of microbial ecology, 
we cannot draw a sharp distinction between experts who act and novices who watch or 
only act under close supervision.  Microbial ecology in action operates under no such 
distinction.  In short, my theoretical and methodological framework conceptualizes 
expertise as distributed among shifting ensembles of actors with varying amounts of 
institutional authority, technical acumen, and professional experience. 
 Now back to my description of the Klose Lab.  One function of the Klose Lab is 
simply as a room that houses technical instruments and measurement devices (see 
Appendix B, Figure B.4).  It is a room where Klose Lab scientists can store their samples.  
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It is also a room that is carefully maintained in a way that allows for Klose Lab scientists 
to manipulate the natural objects they collect in the field.  In fact, much of the work that 
actually happens in the laboratory is geared toward the “caretaking” of the lab (Knorr 
Cetina, 1992, p. 126), and this work is taken very seriously.  For example, on my first 
visit to the Klose Lab, I was treated to a lengthy explanation of how instruments are 
sterilized in the laboratory’s autoclave and the process through which water that enters 
the lab is ionized.  A (literally) watertight seal separating the Klose Lab from the outside 
world and the sterilized instruments are props that contribute to the lab’s “cognitive 
architecture,” which Swarts (2007) defines as “an arrangement of material and symbolic 
artifacts to which people offload cognitive effort for uncovering, processing, and sharing 
information” (p. 281; see also, Hollan, Hutchins, and Kirsh, 2000).  This cognitive 
architecture is found only in the “placeless places” that are laboratories (Livingstone, 
2003), and so the knowledge produced therein is imbued with the epistemological 
authority only a laboratory can provide (cf. Livingstone, 2003, pp. 17-29). 
 Contributing to this cognitive architecture is a wide array of texts.  Some of these 
texts are organizational: Shelf space, which is at a premium in the Klose Lab, is labeled, 
specifying whose materials belonged on which shelves; instructions for using the printer 
were taped to the printer.  Other texts—like the ubiquitous Far Side panels found 
throughout Plymouth Hall—make light of day-to-day laboratory life: Comic strips are 
taped to the wall; jokes about pie charts are written on the large whiteboard on the wall.  
Unlike other things written on the whiteboard, nobody erased the pie chart jokes, and, for 
a while, each time I visited the lab another pie chart joke was added to the collection.  
Klose Lab scientists share an office adjacent to the lab.  Large binders full of protocols 
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from previous studies filled a bookshelf on one end of the Klose Lab office, and scientific 
journals filled another (see Appendix B, Figures B.5 and B.6).   
 The Klose Lab does not house all the equipment necessary to conduct all the 
necessary experiments and measurements.  I travelled with Klose Lab participants to 
other rooms in Plymouth Hall to use microscopes or delicate micro-scales, or to access 
computer programs installed on specific computers.  Although this work happens outside 
the confines of the Klose Lab, it is still Klose Lab work.  Therefore, as well as being a 
physical space, the Klose Lab is a dispersed assemblage of scientists and equipment 
working together toward the Klose Lab’s goal of integrating the fields of microbiology 
and ecology.  Klose Lab scientists tend to focus on microbial communities in aquatic 
ecosystems, and one (Caleb, one of my primary participants, who spends some of his 
time in another lab working with another group) focuses on microbial communities in 
leaves.   
 
 Tinkers Creek  
 One of my participants, Olivia, drew samples from Tinkers Creek for her 
research, which required her and a small team of researchers to wade into the water, and I 
accompanied her and her fellow researchers on two of these daylong sample-gathering 
trips.  Tinkers Creek was thus the field site in which Olivia conducted her fieldwork.  
Unlike knowledge produced in the laboratory, which draws epistemological authority 
from its sense of carefully maintained placelessness, knowledge produced in the field 
tends to emphasize locality and environmental contingency to establish credibility 
(Livingstone, 2003, p. 42).  But not just any locality will do.  As Livingstone argues,  
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In some measure at least, the centrality of practice and the premium put on the 
craft competencies of the fieldworker arise from the open space and deeply 
uncontrollable character of the field.  But it would be a mistake to think that the 
field is simply a site that just ‘is there’ and can be taken for granted.  Rather, it is 
constituted ‘as the field’ by the activities of scientific investigators.  Because of 
the power the academy has to define the field . . . the field site is always 
politically negotiated. (2003, p. 47) 
To describe Tinkers Creek as a field site, then, I describe how it has been politically 
negotiated as such. 
 Tinkers Creek is the largest tributary of the Cuyahoga River.  The Cuyahoga feeds 
into Lake Erie, and Tinkers Creek feeds into the Cuyahoga.  This entire ecosystem—
Lake Erie, the Cuyahoga, and all of the watersheds that drain into it—has long been the 
focus of ecological study because it has a reputation as an especially polluted system. The 
Cuyahoga River is reported to have caught fire thirteen times since 1868.  Following the 
last reported fire, in 1969, Time magazine reported on the condition of the river:  “Some 
River! Chocolate-brown, oily, bubbling with subsurface gases, it oozes rather than flows” 
(qtd. in Stradling and Stradling, 2008, p. 517).  The next year National Geographic ran a 
cover story titled “Our Ecological Crisis,” which also featured the Cuyahoga River fire.  
Despite some dubious journalism,8 or perhaps in part because of this dubious journalism, 
the 1969 Cuyahoga River fire “evolved into one of the great symbolic environmental 
catastrophes of the industrial era” (Stradling and Stradling, 2008, p. 517).  In any case, 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  8	  The Time article featured a seventeen-year-old photograph of a tugboat spraying water onto a 
much worse fire with no contextualizing information—just a caption reading “Boat Caught in 
Flaming Cuyahoga” (See Appendix A, Figure A.7).  The National Geographic article misstated 
the month in which the 1969 fire occurred (Stradling and Stradling, 2008, pp. 517-18).	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many draw a direct line of causation between the 1969 fire and the creation of the Clean 
Water Act and the Environmental Protection Agency (cf. Stradling and Stradling, 2008).9   
 The Cuyahoga River watershed system, including Tinkers Creek, has now been 
the focus of studies of point source pollution (such as discharge from wastewater 
treatment plants) and nonpoint source pollution (such as runoff following rainstorms or 
snowmelts). Tinkers Creek has been established among freshwater ecologists as a useful 
site for research because it flows through a variety of locations (see Appendix B, Figure 
B.8).  We collected samples from stretches of the creek that flow through parks; we 
collected samples downstream from an alpaca farm; we collected samples near 
wastewater treatment plants; we collected samples from a stretch of the creek directly 
adjacent to road construction; and we collected samples from regions that are relatively 
distant from any kind of typical human intervention.  The five Tinkers Creek sites from 
which we sampled varied in terms of what kinds of pollutants might be prominent, and 
they varied noticeably in terms of depth, rate of flow, and temperature, and less 
noticeably in terms of conductivity, and pH level.  We took measurements of these 
variances, but, even without the measurement data, it seemed to me that we were wading 
into a different creek at each site we visited. 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  9	  If the 1969 Cuyahoga River fire was really the catalyst for such a widespread environmental 
movement, we might ask why the 1952 fire, which was much bigger and more destructive, did 
not garner any similar kind of attention.  Historical accounts frequently gloss over the 
connections between the 1969 Cuyahoga River fire, broad public outcry for environmental action, 
and governmental regulatory measures such as the Clean Water Act and the creation of the EPA.  
While I am interested in representations of the fire as nodes in the vast discursive network of the 
American environmental movement of the 1960s and 70s, this kind of analysis is outside the 
scope of this dissertation.  For a more detailed account of the mythologization of the 1969 fire, 
see Stradling and Stradling’s (2008) “Perceptions of the Burning River: Deindustrialization and 
Cleveland’s Cuyahoga River.” 
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III. Participants 
Primary Participants 
Most of my primary participants were suggested to me by Dr. Klose, who I came 
to know through my previous work with a research team investigating writing in the 
sciences10.  I emailed Dr. Klose an explanation of what I was interested in studying, and 
she forwarded it to three people she thought might be well-suited to, and interested in, 
participating in my study.  I list my primary participants below, along with brief 
descriptions of them and my interactions with them, in the order in which I met them.  
 
Dr. Klose:  Dr. Klose is a professor in the Department of Biological Sciences.  She has 
been working in the discipline of ecology since 1985, received her PhD from the 
University of Georgia in 1992, and she has headed the Klose Lab, which is focused 
primarily on the microbial ecology of aquatic ecosystems, since 1994.  She has published 
106 articles since 1986, and is listed as first author on 36 of those.  Since she has headed 
the laboratory, she has helped procure 6,165,652 dollars in funding from twenty-one 
grants.  Ten of these were federal research grants from the Department of Energy, the 
National Science Foundation, the Environmental Protection Agency, and the National 
Aeronautics and Space Administration.  Dr. Klose was the primary or sole investigator on 
six of these projects.  She has also been awarded four teaching grants to run a “Young 
Women’s Summer Institute” and one National Science Foundation “Undergraduate 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10 This team, including other writing studies and rhetoric researchers, conducted a series of 
interviews among faculty and graduate students across the sciences to determine how they 
understood the role of writing in their work, and how that understanding shaped their role as 
advisor or advisee. 
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Mentoring in Environmental Biology” grant for “Inter-disciplinary approaches to 
mentoring of undergraduates in aquatic ecology.” 
 Dr. Klose is what Knorr Cetina (1992) refers to as a “laboratory leader.”  
“Laboratory leaders,” Knorr Cetina writes, “tend to spend much of their time 
representing, promoting, and recruiting for ‘their’ laboratory” (p. 128).  This seems true 
of Dr. Klose.  I did not see her in the laboratory during my observations, but I did see her 
interact with students in an advisory capacity outside the lab in meetings and saw 
comments she made on drafts of their written work.  And her publication record suggests 
that, since she became head of her own lab, her role has shifted to an advisory one.  She 
is listed as first author on 15 articles between 1986 and 1994 (an average of nearly two 
articles per year), and, between 1995 and 2015, she is listed as first author on 21 articles 
(an average of one article per year).  The Klose Lab scientists I spoke with all noted that 
Dr. Klose played an active role in recruiting them to work in her lab and guiding their 
research.  Many spoke positively of her mentorship approach that allowed them to blend 
their own research interests with the goals of her lab.  As I mentioned, I met Dr. Klose 
through a previous study, and she granted me access to her laboratory and introduced me 
to my primary participants.  I observed Dr. Klose at a laboratory meeting she organized 
to discuss organizational strategies for storing and labeling data, and I attended what was 
called an “authorship meeting” between her, Dr. Dabany, and Olivia, in which they 
discussed the Tinkers Creek Project.  I also attended a presentation she delivered at the 
aforementioned water symposium. 
 
	  56	  
Olivia:  Olivia was the only one of the three to respond to the email.  She is a first-year 
PhD student studying microbial ecology.  She told me she became interested in the 
discipline when, in high school, she looked through one of her mother’s old biology 
textbooks and was impressed with an image of staph causing infection in humans.  At 
that point, as she describes it, “I was hooked.”   
 Olivia previously studied microbial communities in soil while working on her 
Master’s degree at Iowa State University, and, prior to beginning her doctoral program, 
she worked briefly in a pharmaceutical laboratory.  After graduation, she wants to work 
for a government agency or go into industry.  Olivia now works, with Dr. Klose as her 
advisor, on a collaborative project investigating the microorganism communities in 
Tinkers Creek, the largest tributary of the Cuyahoga River, which is polluted with metals 
from wastewater treatment plants, and roadside and agricultural runoff.  This project is an 
extension of an earlier study conducted by the United States Geological Survey (USGS), 
who first identified the extent of the pollution in the creek.  Most of Olivia’s work centers 
on the effects of heavy metal contaminants on these microbial communities.  This 
involves her going out to the creek, taking samples from the water, the creek bed, and the 
surrounding rocks, then taking those samples back to the lab where she subjects them to 
various tests and measures the results. 
 
Caleb:  I met Caleb when Olivia took me on a tour of the lab one day.  He told me he had 
received the email from Dr. Klose but had forgotten to respond to it.  Upon first meeting 
him, he enthusiastically explained his project to me, and said he was willing to participate 
in the study.  Caleb is a second-year PhD student who received his Bachelor’s degree in 
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biology after switching from an English major.  He wants to continue in academia after 
graduation because he wants to continue teaching at the undergraduate level.  
 Caleb is co-advised by Prof. Klose and Prof. Greenmarch, and he works on a 
project that investigates the role of “cheaters” in the microbial communities found in 
leaves.  Cheaters, in the field of microbiology, are microorganisms that absorb carbon 
without contributing to the enzymatic output that other organisms contribute to the 
benefit of their community.  Caleb’s work involves treating groups of leaves, which he 
has strategically situated in a secluded forest, by pouring carefully measured amounts of 
water on them at various intervals and leaving them in the woods.  He then collects the 
leaves, brings them back to the lab, and measures their deterioration. 
  
Dr. Greenmarch:  Dr. Greenmarch is an associate professor in the Department of 
Biological Sciences and laboratory leader of the Greenmarch Lab, which is upstairs from 
the Klose Lab.  He is also the principal investigator of the cheaters project, for which he 
received a 1,075,638-dollar grant from the Department of Energy.  One of his 
contributions to the body of research on microbial cheaters is his employment of the term 
“investor” to describe the microbes that make up for the low output of the cheaters.  I did 
not spend much time in the Greenmarch Lab—I only went there a few times while 
observing Olivia.  The Greenmarch Lab was conducting work that they were less 
comfortable sharing with an outsider like me.  Olivia even mentioned that she felt like an 
“outsider” in the Greenmarch Lab—that she felt like she was interfering in their work—
so she did not like to bring me along with her when she needed to go there.  However, Dr. 
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Greenmarch did grant me one interview, which gave me some necessary insight into the 
cheaters project.  
  
Dr. Dabany:  Dr. Dabany works with Olivia and Dr. Klose on the Tinkers Creek project, 
on which he is the principle investigator.  He was raised in Gabon and earned a PhD in 
medical microbiology in 2003 from the University of Science and Technology in Lille, 
France.  In addition to his work in Northeast Ohio, Dr. Dabany continues to work in 
Gabon, and intends to expand his work into other African countries, to research and 
combat a skin disease known as Buruli ulcer.  He is an assistant professor at a satellite 
campus, where he conducts much of his research, so he was not often present around the 
Klose Lab or Plymouth Hall.  He did participate in the authorship meeting with Dr. Klose 
and Olivia, so I was able to observe him and speak with him there. 
   
Jai:  Jai is a graduate student, working toward his Master’s degree, co-advised by Dr. 
Klose and Dr. Greenmarch.  He works in the laboratory on the cheaters project 
performing controlled experiments and developing mathematical models meant to predict 
how temperature changes might affect the flow of carbon as leaves deteriorate.  At the 
time of the study Jai was unsure whether he wanted to continue working toward a PhD or 
find a job outside academia. 
 
Peripheral Participants 
 In addition to Caleb and Olivia, many other scientists circulated through the Klose 
Lab, and some of them accompanied us on trips out to the field to collect samples. The 
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following is a list of some of these other scientists with whom I interacted, and a 
description of our interactions 
Peripheral 
Participant Laboratory Role Interactions 
Mike Graduate student advisee of Dr. Klose. 
Mike was a common fixture in 
the Klose Lab.  He accompanied 
Olivia on many sample-gathering 
trips out to Tinkers Creek and 
was present at Lab meetings. 
Kimberly Graduate student advisee of Dr. Klose. 
Kimberly often worked in the 
Klose Lab, studying microbial 
communities in lakes.  She 
occasionally worked with Olivia 
on parts of Olivia’s project that 
related to her own work. 
Kelly Undergraduate student lab assistant. 
Kelly worked in the Klose Lab 
during the summer as part of an 
undergraduate mentorship.  She 
accompanied us on a trip Tinkers 
Creek to collect samples, where 
she collected insect samples for 
her own project. 
Dave Undergraduate student lab assistant. 
Dave worked in the Klose Lab as 
part of his undergraduate 
coursework.  I observed Olivia 
mentoring him as they worked 
together with a digital 
microscope to perform her DAPI 
analysis (see Chapter 5). 
 Table 2.2. Peripheral Participants, Roles, and Interactions. 
 
IV. Methodology 
 I began my study working under a third-generation activity theory methodological 
framework, which has become a common framework in writing studies for researching 
complex, collaborative, technologically mediated activities in terms of how they have 
developed over time and how such activities are stabilized and made coherent.  Activity 
theory is rooted in Vygotskian psychology, which is driven by Volosinov’s (1929/1986) 
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concept of material consciousness, and which emphasizes the importance of material and 
symbolic mediation in cognitive development (Vygotsky, 1934/1986).  Vygotsky 
proposed that cognitive development emerges through a subject’s tool-mediated 
interactions with an external object (see Figure 2.1). 
 
Figure 2.1. Vygotskian (First-Generation) Model of Activity 
 
A student of Vygotsky’s, A.N. Leontiev (1978) proposed that researchers should examine 
how cognition develops in individuals at three levels of analysis: the level of unconscious 
operations, the level of conscious actions, and the (mostly unconscious) level of culture 
via tool-mediated activities involving a human subject cyclically transforming an object.  
This additional framework accounting for levels of organization (which is the basis for 
my micro, meso, and macro levels of organization) constitutes the basis for what is now 
known as second-generation activity theory.  Considering Leontiev’s three analytical 
levels, Yrjo Engestrom (1987) later argued that the Vygotskian dialectical model of 
subject-tool-object was incomplete as it took only individuals into account at the expense 
of the macro level collective in which individuals are embedded.  Engestrom expanded 
the Vygotskian model to include the social basis of activity, involving communities, 
rules, and division of labor (see Figure 2.2). 
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Figure 2.2. Engestrom’s (Second-Generation) Model of Activity 
 
But as work became more dispersed across diverse groups of practitioners, a single 
activity system was no longer enough to provide a detailed description of many activities.  
Engestrom developed third-generation activity theory as a response to this problem.  
“The third generation of activity theory needs to develop conceptual tools to understand 
dialogue, multiple perspectives and voices, and networks of interacting activity systems,” 
he wrote.  “In this mode of research, the basic model is expanded to include minimally 
two interacting activity systems” (Engestrom, 1999, p. 5).  Figure 2.3 demonstrates 
Engestrom’s third-generation activity theory model:  
 
Figure 2.3. Engestrom’s (Third-Generation) Model of Activity 
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3GAT is often employed in writing studies to make sense of how generic literate 
practices mediate and stabilize contingent, dispersed, and sometimes contradictory 
activities across professional, educational, and technical settings (Bazerman, 1988; Dias, 
Freedman, Medway, and Pare, 1999; Russell, 1997, 2009; Schryer and Spoel, 2005; 
Spinuzzi, 2004, 2008, 2010).  Drawing from this research, I sought to understand how 
genres stabilize the contingent, dispersed, and contradictory activities of the Klose Lab.  
So I adopted 3GAT as my methodological framework for understanding how the 
integration of microbiology and ecology is achieved. 
 Working with this framework, I began by developing a “research design matrix” 
(Spinuzzi, 2012), which allowed me to consider my study according to three 
interpenetrated levels of activity—the macro, meso, and micro—and according to an 
insider (emic) perspective and outsider (etic) perspective.  I later added the text types that 
correspond to each of those levels.  
Context Level of 
Activity Text Types 
Methods toward an 
Etic Perspective 
Methods Toward 
an Emic 
Perspective 
Macro level 
(Culture, history; 
objectives and 
outcomes; usually 
unconscious) 
The Literature 
(Journal articles, 
disciplinary 
histories, and 
major statements 
in the field) 
Textual analysis; Close 
reading 
Interviews with 
established 
microbial ecologists; 
Interviews with 
novice microbial 
ecologists 
Meso level 
(Actions and 
goals; conscious) 
Intermediary texts 
(Texts indicated to 
me as rhetorically 
crucial by 
participants) 
Observations (in field, 
lab, and in writing 
situations); Photos of 
work environments; 
Copies of notes and 
drafts 
Pre- and Post-
observational 
interviews; 
Participant checks; 
Activity drawings 
Micro level 
(Habits and 
reactions; 
unconscious) 
Inscriptions 
(Lab and field 
notes, digital 
readouts on 
Observations (in field, 
lab, and in writing 
situations) 
Pre- and Post-
observational 
interviews  
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measurement 
devices) 
Table 2.3. Research Design Matrix 
As my study progressed, I faced a common problem in activity theory research as 
the boundaries of my study became unclear.  Witte (2005) has criticized 3GAT for 
providing no clear way to bound a study around a stable unit of analysis:  “If activity is 
everywhere and in everything, then decisions regarding the focus of my research, and its 
temporal and spatial boundaries, must either be made arbitrarily or must be predicated on 
some consideration that is external to the theory itself” (p. 140).  In defense of 3GAT, 
Spinuzzi (2011) argues back that the object, which is the thing that is transformed and 
retransformed through cyclical activity, should provide just such a bounding mechanism.  
If a researcher can identify an object, she can piece together the rest of the activity theory 
framework around it; hence, Spinuzzi refers to the object as “the linchpin of analysis” 
(2011, p. 450).  However, in his analysis of seven recent activity-theoretical case studies, 
Spinuzzi notes “a drift away from the object as sense-maker” (2011, p. 450), as all but 
one of these studies failed to identify an object for the activity system they were studying.  
The problem that has led to these changes in research foci, Spinuzzi claims, is that 
collective work has changed in such a way that older activity theory frameworks do not 
apply as they once did.  In case studies of farmers (Engestrom & Escalante, 1996) and 
blacksmiths (Engestrom, 1990), objects were easily identifiable—farmers cyclically 
transform crop fields; blacksmiths transform iron.  But in contemporary knowledge work, 
objects are not so easily identifiable because they “are much bigger than the materials in 
which they are instantiated, are multiperspectival, and are the nexus of many different 
activities” (Spinuzzi, 2011, p. 453).  How to bound, for example, an activity system 
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centered on an object as large and diffuse as global warming or Linux?  Or, for that 
matter, ecology?  
These kinds of “runaway objects,” as Engestrom (2008) has termed them, concern 
activity theorists because they “have the potential to escalate and expand up to a global 
scale of influence.  They are objects that are poorly under anyone’s control and have far-
reaching, unexpected side effects” (Engestrom, 2008, p. 227).  Spinuzzi articulates the 
concern thusly: 
This expansion of the object threatens the principled boundedness of the activity 
system. Without a defined object, the unit of analysis is inadequate, the case is 
unbounded, and the analysis is unanchored. If we expand the object indefinitely, 
we have a difficult time conducting principled 3GAT case studies. (2011, p. 453) 
Ecology is such a runaway object.  Timothy Morton (2010), for example, argues that 
ecology is a uniquely diffuse object: 
Ecological thinking . . . isn’t just to do with the sciences of ecology.  Ecological 
thinking is to do with art, philosophy, literature, music, and culture.  Ecological 
thinking has as much to do with the humanities wing of modern universities as 
with the sciences, and it also has to do with factories, transportation, architecture, 
and economics.  Ecology includes all the ways we imagine we live together.  
Ecology is profoundly about coexistence. (p. 4) 
In other words, ecology is interpenetrated with many other disciplines and many extra-
academic spheres.  So it is an impossibly diffuse object to pin down.   
 I encountered this problem in my early attempts to bound my study around 
ecological activity focused on Tinkers Creek.  I struggled with limiting what groups I 
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should include.  Olivia’s team is not the only group dedicated to studying the creek.  I 
considered including in my study the Tinkers Creek Watershed Partners—a group 
dedicated protecting and restoring the watershed.  I considered including local groups 
that maintain Tinkers Creek by picking up litter.  I considered including water treatment 
plants along the Cuyahoga River.  Any borders I decided to draw around Tinkers Creek-
centered ecological activity seemed limited, because those borders are necessarily, as 
Witte argues, “made arbitrarily” or “predicated on some consideration that is external to 
the theory [of the activity] itself” (2005, p. 30).  Spinuzzi (2011) offers an answer to this 
dilemma in the form of four methodological “countermovements” meant to re-bound a 
case study around a runaway object. 
 The first countermovement involves provisionally bounding the case around a 
group working toward the object.  I had already provisionally bounded my case around 
the Klose Lab, so I re-focused all my attention there and discovered that the lab is united 
toward the shared goal of integrating microbiology and ecology.  Even within the Klose 
Lab, though, there were many groups working on different microbial ecologically-
oriented projects.  To this end, I adopted Bracewell and Witte’s (2003) constructs of tasks 
and work ensembles, which they developed as a response to 3GAT’s boundary problems.  
They define the task as “the set of goals and the actions that implement these goals, 
which are developed in order to achieve a solution to a complex problem within a 
specific work context,” and the work ensemble as “the smallest group of people who 
collectively uses sign systems in conjunction with other tools and technologies to realize 
an appropriate solution to a complex problem within a specific work context” (Bracewell 
and Witte, 2003, p. 528, italics in original).  It was initially difficult to understand the 
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tasks I observed in the Klose Lab.  For example, when I first observed Olivia breaking up 
sediment samples in small vials using liquid nitrogen, I did not understand where the 
samples had come from or what they would be used for later.  I could not, that is, see the 
task as part of a “set of goals.”  But, as Engestrom (1987) notes, “Often, the locus and 
limits of activity can be properly defined only after ‘dwelling’ in it” (p. 254).  So it was 
that, later, after accompanying Olivia into the field, I understood where the sediment 
samples came from, and, much later, when I saw the processed samples translated as data 
points and employed in a graphic representation, I understood the task’s role in the larger 
activity.  This task-oriented focus, in other words, helped me concentrate on how the 
activity of disciplinary integration was enacted, first, at the micro-level, and later at the 
meso- and macro-levels. 
It was similarly difficult in the first few months of observation to understand what 
constituted a work ensemble in the Klose Lab.  Undergraduate lab assistants streamed in 
and out, and graduate students helped other graduate students with tasks, or simply stood 
by and observed.  The fluidity of the ensembles was initially disorienting, but I came to 
understand, after a few months of observations, which scientists tended to work on which 
projects, with whom, and why.  Caleb, for instance, tended to work alone, which suited 
his role in the cheaters project as the only one conducting a field study.  Olivia, on the 
other hand, assembled teams of various graduate students and undergraduates to help 
gather and process samples.  This suited her project, which involved strenuous day-long 
excursions into the field to collect from multiple sites samples requiring timely 
processing.  
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 Once I provisionally bounded the case around the Klose Lab and narrowed my 
focus to task-based work ensembles, I needed to move onto the second countermovement 
wherein I would “identify a common representational object (text) within these bounds” 
(Spinuzzi, 2011, p. 423).  This methodological move involves triangulating between 
participants’ statements about their work and my observations.  Particularly useful data 
for identifying a common representational text included an “authorship meeting” I 
observed between Olivia, Dr. Klose, and Dr. Dabany.  They discussed the 
representational objects—the texts—that they were working toward, and explicitly 
discussed the ordination graphs they would need to make to draw together their 
arguments.  This discussion coincided with statements Olivia made, in both interviews 
and in day-to-day “shoptalk” around the Klose Lab, about how much time she had been 
spending conducting statistical analysis.  This triangulation compelled me to focus on 
Olivia’s statistical representations.  
 Similarly, Caleb frequently discussed, and spent much of his time working on, a 
graph that was proving troublesome because it was confounding his, and his work 
ensembles’, expectations.  As it turned out, the microbial cheaters involved in Caleb’s 
study would not acquiesce to his and his colleagues’ expectations, and thus a 
contradiction arose between the microbes and the humans.  Spinuzzi (2011) writes that 
this fragmentation is to be expected in work ensembles, and so the third methodological 
countermovement involves treating “the multiple outcomes as qualifiers that constrain 
[the textual object]” (p. 474).  Considering the outcomes of the microbial cheaters 
themselves against the outcomes of the scientists studying them is not typical of activity 
theory work as it ascribes agency to nonhuman actors.  But, as I will further argue in 
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Chapter 4, this is a methodological move that I think is important for understanding how 
this contradiction is resolved.   
 Once I focused on activity centered on multiply qualified textual objects, I was 
able to make the fourth countermovement, which is to re-bound the case considering 
participants who are most relevant to the transformation of the textual object  (Spinuzzi, 
2011, 475).  This includes people who are most actively involved in the work ensemble, 
and it excludes those who are not.  This is how I made the distinction between primary 
and peripheral participants.  This re-bounding also considers the symbolic resources—the 
textual inscriptions and intermediaries—that circulate throughout the work ensemble and 
mediate the activity.  I also found it important to include texts from The Literature that 
helped establish traditions of visualization that further qualify the textual objects.  Such 
texts are not considered part of the immediate activity, but they are necessary to provide 
an account of how my participants’ representational practices became typified as part of 
their disciplines. 
 In other words, my analysis also required that I grasp the macro level historical 
trajectory of the discipline of ecology.  This involved identifying and analyzing important 
texts from The Literature that could help me understand the questions that have 
motivated ecologists and separated them from their biologist colleagues.  I began by 
trying to get a sense of the broader disciplinary concerns by reading secondary histories 
of ecology such as Robert McIntosh’s (1985) The Background of Ecology and Sharon 
Kingsland’s (2005) The Evolution of American Ecology, 1890-2000.11  These histories 
pointed me toward foundational ecological works such as Eugene Odum’s textbook 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  11	  These are not the only histories I read to better understand the disciplinary development of 
ecology.  These are merely the histories I started with as a springboard to further macro-level 
research into the discipline. 
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Fundamentals of Ecology and the edited collection of “classic papers with commentaries” 
Foundations of Ecology.  As I came to focus on my participants’ work in the subfield of 
microbial community ecology, I read from Jared Diamond and Ted Case’s (1986) edited 
collection of articles, Community Ecology and Heinz Stolp’s (1988) Microbial Ecology: 
Organisms, Habitats, and Activities. My participants also suggested readings that directly 
influenced their work, most of which were recently published articles.  Although I 
learned much about ecology as a discipline and ecological objects of inquiry, and 
although I feel comfortable with my basic grasp of many ecological abstractions, I never 
fully grasped all of the technical language in these texts.  But—and I had to keep 
reminding myself of this—I was not reading to develop expertise in what Geisler (1994) 
calls “domain content abstractions” common to ecology; I was, rather, reading to better 
understand the reasoning structures ecologists employ to put those abstractions to work. 
Having provisionally bound my cases by identifying the Klose Lab’s object of 
integrating microbiology and ecology and identifying tasks and work ensembles within 
the lab, having identified textual objects within those ensembles and understanding how 
those objects are qualified, and having re-bounded my cases according to those multiple 
qualifications, I was able to describe the process of disciplinary integration.  Caleb’s case 
study focuses on a sigmoid curve that helped him calibrate and align his fieldwork with 
microcosmic studies performed in the laboratory.  And Olivia’s case focuses on an 
ordination graph through which she performs her commitment to multivariate statistical 
methods.  In both cases, I found that these graphs were the gravitational center holding 
together the integration of microbiology and ecology by, in Caleb’s case, integrating the 
lab and the field—which are sites with different degrees of epistemological authority—
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and, in Olivia’s case, by integrating microbiological and ecological data via statistical 
practices.  In short, I focus on these graphs because they are especially illustrative of the 
integration processes my study seeks to explain. 	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Chapter 3 
 
Ecology Emerges: A Disciplinary Social Drama 
 
I. Introduction  
Dr. Klose alluded, in her “story of a particular stream,” to a conflict between 
microbiologists and systems ecologists.  In an effort to widen my attention to better 
understand the principles at issue in this conflict—in order, that is, to “try to see what all 
this noise is part of” (Mol, 2002), I apply a Turnerian social drama analysis to the conflict 
that arose when a group of American ecologists lobbied to participate in the International 
Biological Program (IBP) during the 1960s and 70s.  These ecologists thought that 
participating in the IBP was a major opportunity for an integrated approach to ecosystem 
analysis to establish itself as a viable and worthwhile endeavor, and for ecology to 
establish itself as a legitimate scientific discipline in its own right.  But it was an uphill 
climb for them to secure funding to participate in the program, and to overcome the 
widespread skepticism among their colleagues in biology who worried that the field of 
ecology was not mature enough—not coherent enough—to avoid an expensive and 
embarrassing public failure.  Participation in the IBP helped legitimize the discipline of 
ecology among scientists and to quickly gain widespread social prominence as the 
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scientific basis for addressing some of the most pressing issues facing humanity (Kwa, 
1987).   
 The debate surrounding participation in the IBP is worth reconstructing as a 
Turnerian social drama because the arguments made for and against an integrated 
approach to ecology during this time brought larger issues of finance and prestige to the 
fore.  Typically, as Kingsland (1995) observes, “The idealistic conventions of scientific 
discourse do not allow one to argue about money and power openly.  Consequently, these 
concerns become transmuted into scientific controversies, and the struggle for temporal 
advantage unfolds in the intellectual arena” (p. 93).  Just as Gross’s Turnerian analyses of 
scientific controversies call attention to the kinds of texts that encourage us to “think of 
these debates in a wider political context . . . since they are less about knowledge than 
about power” (Gross, 1984, p. 407), the social drama of the IBP provides a case where 
concerns about money and power were debated openly in legislative hearings, in the 
editorial sections of academic journals, and in official statements from various ecological 
program administrators.   
 Turnerian social drama analysis leads us to identify oppositional structural 
principles that are driving conflict in such debates (Turner, 1957).  These principles 
continuously come into conflict in unique events involving different people motivated by 
various purposes, “But the very uniqueness of these events illuminates the structural 
regularities that interpenetrate them” (Turner, 1957, p. 330).  Therefore, social drama 
analysis of the IBP is a useful springboard for my case studies of the Klose Lab because 
it indicates the principles that might be at issue in my participants’ attempts at an 
integrated approach to microbiology and ecology.  One of these principles that is 
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highlighted in the IBP debates has to do with what might be considered a proper unit of 
analysis.  The integrated approach to ecosystem analysis proposed by IBP scientists 
involved integrating micro units of analysis, which are isolated and analyzed in the 
controlled environment of the laboratory, with macro ones, which are analyzed in the 
unregulated contingent environment of the field.  This tension between the lab and the 
field has been a long-standing issue in biology and ecology, and, as I will demonstrate in 
later chapters, the boundary between the lab and the field is still a site of tension 
inhibiting integration.  Moreover, the statistical argumentative genres that play an 
important mediational role in contemporary microbial ecology were emerging during the 
IBP decade as a means of integrating the lab and the field.  Ultimately, this chapter 
provides the basis for my argument that the schisms between microbiology and ecology 
and the laboratory and the field are differently staged reenactments of long-standing 
conflicts between structural principles, and the statistical genres produced as a response 
to this social drama are still being employed to integrate microbiology and ecology. 
 
III. Breach 
The social drama of the IBP began in the early 1960s amid a disciplinary milieu 
where divisions had sprouted between “new” and “old” approaches to biology.  In his 
1962 and 1964 annual reports to the Biological and Medical Science department of the 
National Science Foundation, Harve Carlson referred directly to a “breach” in biology 
between “proponents of the new and the old, of the molecular approach versus the 
classical approach, of the lab biologist versus the field biologist.  In one school, one side 
dominates; in another the other side dominates.  Good people are forced to leave or retire 
	  74	  
early in order that sweeping innovations may be made” (qtd. in Appel, 2000, p. 207).  
Carlson’s diagnosis deserves to be unpacked to more fully establish the background in 
which the social drama would take place.  The parallel structure of Carlson’s statement 
says a lot.  The “new” is linked to the molecular approach, which is linked to the lab 
biologist.  And Carlson sets this new lab biologist who takes a molecular approach in 
opposition to the “old” field biologist who takes a classical approach.  The “old” classical 
approach was concerned with the macro level biological phenomena, which could be 
observed in the field.  The molecular approach, on the other hand, was concerned with 
the micro level processes that drove the macro level phenomena, and it was conducted in 
laboratories using newly available computer technology capable of running complex 
mathematical models.  This breach helped set in motion the social drama of the IBP.12 
Since the 1940s, a branch of biology that came to be known as ecosystem ecology 
had worked to integrate the micro and the macro, the lab and the field, and applied 
mathematical techniques and classical biological approaches.13 Evelyn Hutchinson, in 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12 It is worth mentioning that, despite my repeated reference to “the social drama of the IBP,” the 
controversy I detail here was quite unique to the lead up to the United States’ participation in the 
international program, and was not at all typical of the IBP as a whole.  No other countries had 
such a hard time agreeing on whether or not they should participate, and once the project was	  
underway many scientists reported that interdisciplinary cohesion developed seamlessly.  One 
scientist, Bill Heal, working on the Tundra Biome project wrote excitedly in his notes about how 
well the international, interdisciplinary work was going: 
Thus we developed new ideas through exchange of information [which] is summarized 
by the equation: 
2+2=5 
[I].e., the whole is greater than the sum of the parts or put the pieces together!  This 
exchange of ideas, from different nationalities, different environments and different 
research backgrounds gave us insight into the fundamental processes of decomposition 
and the value of “synthesis”.  It has had a large influence on my career development (qtd. 
in Coleman, 2010, pp. 19-20).	  
13 Arthur Tansley, a botanist by training, coined the term “ecosystem” 1935 in a paper titled “The 
Use and Abuse of Vegetational Concepts and Terms,” as an alternative to the Clementsian term 
“complex organism” to describe biological communities.  Tansley’s term did not gain traction in 
the ecological Literature until the 1950s (Kingsland, 2005, pp. 184-185). 
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some of the earliest studies of what would later be termed ecosystem ecology,14 focused 
on quantitatively analyzing the oceans’ role in regulating the carbon cycle to try to 
account for the increasing amounts of carbon dioxide in the atmosphere.  Hutchinson 
took measurements of CO2 along various parts of the “path by which carbon dioxide 
enters the ocean” (1948, p. 224) and compared his measurements with others’.  Instead of 
attributing the increase in atmospheric CO2 levels to industrial output by itself, 
Hutchinson argued, “The true interpretation of these results would appear to be a slight 
change in the distribution of stationary concentrations of CO2 passing through the system, 
rather than a static accumulation of the gas” (1948, p. 227).  In other words, the 
regulatory mechanisms of the carbon cycle were changing. 
 Following his lead, Hutchinson’s students Howard Thomas Odum, (his brother) 
Eugene Odum, and Raymond Lindeman developed a model of the biosphere as 
consisting of nested ecosystems, from which precise measurements could be taken and 
calculated to predict large-scale functioning of feedback cycles.  Kingsland argues that 
these kinds of studies had two major consequences for how scientists perceived their 
planet and their effect on the planet: 
One is that “spaceship earth” is a small place: something added in one spot, a 
small disturbance, affects what goes on elsewhere. . . .  Scientists were starting to 
recognize and track the extent of these connections and to realize that human 
impacts were not negligible.  The second idea is that since humans affect the 
operation of ecosystems, understanding ecosystems must involve understanding 
humans, including how humans relate to nature and how societies function. 
(20005, p. 199) 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
14 Hutchinson used the term “biogeochemical” to characterize his approach (1948, pp. 221-222). 
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Proponents of ecosystems ecology lauded the field as a revolutionary but underused 
science (Odum, H.T., 1951; Odum, E., 1953).  Most ecological work was funded by the 
Office of Naval Research and the Atomic Energy Commission, both of which 
commissioned studies on environmental impacts of radioactive contamination 
(Kingsland, 2005, p. 192).  Fulfilling ecosystem ecology’s potential for studying the 
myriad nested feedback cycles called for unprecedented levels of funding and 
international cooperation.   
 In 1959, two prominent European biologists, Sir Rudolph Peters (President of the 
International Council of Scientific Unions) and Giuseppe Montalenti (President of the 
International Union of Biological Sciences) began planning for the IBP.  Some U.S. 
scientists saw the IBP as a chance to finally secure funding to implement their visions for 
large-scale ecosystems analysis. The timing for the program was, in some ways, 
especially apt.  The International Geophysical Year (IGY), which took place 1957-1958, 
had been a recent success in terms of both international collaboration and public 
perception, and the IBP meant to capitalize on the goodwill that program had garnered by 
following the positive example of “big science” set by the IGY with its own example of 
“big biology” (Appel, 2000, 179-80; 226-34).  Some American ecologists who saw the 
IBP as an opportunity to unveil their vision of “big ecology,” took the first tentative steps 
toward joining the international program.  In 1963, the National Academy of Sciences 
(NAS) assembled an ad hoc U.S. National Committee on the International Biological 
Program (USNC/IBP), which set about ascertaining the level of interest in the program 
among American scientists via questionnaires and solicited responses from members of 
the Ecological Society of America (ESA).   
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As Frank Blair, a member of the ad hoc committee, later noted, “These 
procedures, not unexpectedly, produced a mixed bag of responses” (Blair, 1977, 6).  
From the 104 replies from members of the ESA, more than 100 scientists from a wide 
array of specializations expressed interest in participating.  Among the solicited and 
mostly unsolicited responses the committee received, however, a strong anti-participation 
sentiment was voiced.  The anti-participation replies Blair included in his 1977 
recounting of the U.S. involvement in the IBP expressed concern over how the discipline 
of ecology would be seen if the project were to fail.  One such letter—described by Blair 
as “very critical and pessimistic”—from ESA member Lamont Cole read: 
I have heard enough discussion of IBP to be certain that two suspicions are widely 
held.  These are: 
a) It is a boondoggle designed to ride the coattails of IGY. 
b) It is a scheme to raid the U.S. Treasury, largely for the benefit of foreign 
scientists. 
I am not concerned with the truth or falsity of these views.  The important point is 
that they will appear to be confirmed if the program is undertaken and is not an 
outstanding success. (qtd. in Blair, 1977, p. 8) 
Worried about the reputation of their fledgling discipline should the IBP fail, Cole and 
other ecologists wrote to complain that U.S. efforts to participate in the IBP would be 
seen as an example of “me-too” money-grabbing that invoked the IGY by name but 
lacked the careful organization that made the IGY so successful.  This anxiety about the 
ethos of the discipline called into question the program’s intentions and raised the 
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possibility that the IBP might be perceived as a fraud thus delegitimizing ecology by 
association.   
Tom Park—himself a member of the ad hoc committee—noted similar 
reservations in a cautionary memo. Park wrote, “My points are these:” 
1. If there had not been an IGY there would not now be projected an IBP. 
2. The IGY had meaning. Relatively simple measurements could be defined and 
taken. These data, in turn, contributed conceptually to geophysics. 
3. The IBP does not enjoy this meaning: 
a. No such simple measurements can be taken. 
b. There is little, if any, conceptual framework onto which the measurements 
that are taken can be apportioned. (qtd. in Blair, 1977, p. 14, emphasis in 
original)  
Park’s points are similar to Cole’s in that they express concern that the IBP could be seen 
as riding the coattails of the IGY.  And Park’s points underscore a crucial tension that 
coursed through the social drama of the IBP, and that emerges again and again in 
ecological disciplinary debates.  In classical rhetorical terms, this tension has to do with 
the “transformation of practical wisdom into accredited techniques, of phronêsis into 
technê,” which, as Steven Mailloux explains, “becomes part of the conditions of 
possibility for the paths of thought in any disciplinary community” (Mailloux, 2006, p. 
5).  U.S. ecologists’ involvement in the IBP was doomed to fail, according to its 
detractors, because they lacked accredited techniques (“No such simple measurements 
can be taken”) to contribute to a meaningful conceptual framework. 
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The crucial difference between the IBP and the IGY, as Park understood it, was 
that the IBP could not expect to reap the same conceptual benefits that the discipline of 
geophysics reaped from the IGY; the IBP lacked both the conceptual disciplinary 
coherence that geophysics enjoyed and the methodological repertoire that helps establish 
such coherence.  So, despite the excitement among some ecosystem ecologists about the 
prospects of large-scale studies of ecosystems, such a project lacked “meaning” in two 
senses: (1) ecosystem ecology was not developed as a disciplinary conceptual framework 
from which meaning could be derived; and (2) the techniques by which disciplinary 
meaning is made were perceived to be untested.  Responses such as Park’s and Cole’s 
indicate that ecosystem ecologists were faced with a catch-22: they could not develop a 
coherent disciplinary framework without developing accredited techniques, but when 
given the opportunity to develop those techniques (which required a large-scale program 
like the IBP), their colleagues argued that they lacked a coherent disciplinary framework. 
Park and Cole were not alone.  Even other members of the ad hoc committee 
itself expressed ambivalence toward the IBP.  But the committee was confident that 
ecosystems ecology was mature enough to prove itself by participating in the IBP project, 
and they felt the positive responses to their inquiries reflected that confidence well 
enough.  The ayes had it.  The committee ultimately decided to favorably recommend 
U.S. participation in the IBP to the NAS, which in turn sent a delegation to Paris to 
participate in the IBP organizing assembly.  That delegation returned with the 
recommendation that a U.S. National Committee for the IBP (USNC/IBP) be established 
under the NAS.  The recommendation was approved, and—ready or not, “boondoggle” 
or not, “me-too” cash-grab or not—the U.S. was participating in the IBP.  
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Turner notes that the breach phase of a social drama is initiated according to the 
“altruistic intent” of the offending parties.  “A dramatic breach may be made by an 
individual, certainly,” Turner writes, “but he always acts, or believes he acts, on behalf of 
the other parties, whether they are aware of it or not.  He sees himself as a representative, 
not as a lone hand” (Turner, 1974, p. 38).  The selection and rejection of representatives 
is thus an important point of analysis in the breach phase of a social drama—a point that 
warrants some attention here before we move onto the crisis phase.   
 The offending parties in this case were the representatives of the ad hoc 
committee and the NAS, who, despite having heard the dissent ringing throughout the 
scientific community (and even from within their own committee), decided to go ahead 
with the plan to hitch American ecology’s reputation to the IBP’s wagon.  The 
bureaucratic measures taken by the NAS and the committee were meant to minimize any 
offense at the committee’s decision.  But among the offended parties, some raised ethical 
questions about the competency of their representatives.  For example, in the same letter 
quoted from above, Cole objected to the representative role the NAS was meant to play in 
the decision to participate in the IBP:  “I suppose it is logical for those unfamiliar with 
the situation to assume that NAS can speak for all science, but, unfortunately, ecology is 
a field in which NAS is not highly competent, and in this case apparently didn’t know 
where to turn” (qtd. in Blair, 1977, p. 8).  Arguments such as this one, which effectively 
questioned the validity of the NAS committee’s claim to representative status, cast 
serious doubts on their ability to represent ecology as a discipline. 
 The members of the USNC/IBP soon discovered that Cole was right to be 
concerned about the NAS’s lack of competence in the field of ecology.  The Academy 
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appointed, to Blair’s dismay, a non-ecologist (indeed, to Blair’s further dismay, a non-
biologist) as chairman of the USNC/IBP.  In a letter to NAS President Frederick Seitz, 
Blair noted that he was “shocked” to learn of the appointment, writing, “My experience 
with the planning of IBP to date clearly impresses me with the certainty that the program 
is largely an ecological one.  It is very difficult to visualize adequate guidance of the 
committee by one, however able in other respects, who is not only not an ecologist, but 
not even a biologist” (Blair, 1977, p. 21).  Seitz responded that he and an advisory group 
had appointed someone “widely conversant with the international scene and a diversity of 
international problems affecting science” (qtd. in Blair, 1977, p. 21). Blair and his like-
minded colleagues in the ESA managed to convince Seitz to name two ecologists as co-
vice-chairmen of the USNC/IBP. 
This incident was a miniaturized version of the larger social drama (that of the 
entire IBP debate) in which it was embedded.  The NAS breached the trust of its 
constituents.  The constituents responded, escalating the breach into a crisis wherein one 
party (the ecologists) argued that their disciplinary interests were at stake and so deserved 
representation from an ecologist.  The other party (President Seitz and his advisory 
group) argued that familiarity with the international science “scene” was more important 
in tackling such a massive international project.  The crisis was essentially a dispute over 
whether disciplinary expertise or social influence should take precedence in appointing 
disciplinary representatives.  Appropriate redressive bureaucratic measures were taken, 
and something like the status quo was reassumed with the eventual appointment of two 
ecologists as co-vice-chairmen of the USNC/IBP.  Summarized more simply, this 
miniature disciplinary drama pitted arguments for the importance of technical acumen 
	  82	  
against arguments for the importance of social and political clout, and it resulted in what 
Gross calls “the healthier” version of reintegration, which “involves the incorporation of 
warring groups and their conflicting ideologies a new social synthesis” (Gross, 1996, p. 
189).  But the “healthy” resolution of this miniature drama did not foreshadow the end of 
the larger social drama of the IBP. 
 
IV. Crisis 
Over the next few years, USNC/IBP planning moved along sluggishly as 
meetings involving nine subcommittees proved unproductive.  As Blair recalls, “There 
was a great deal of floundering during this period.  The meetings of the USNC/IBP were 
large gatherings that were too large to work efficiently.  Since the attendance varied, it 
was typical that the same ground was replowed in meeting after meeting” (1977, p. 22).  
The planning phase for IBP projects was to last until 1967, at which time the operations 
phase of each project was to launch.  The USNC/IBP was established in September of 
1964, leaving American scientists just barely over two years to coordinate an 
unprecedentedly large-scale research plan and secure funding for it, and prospects for 
funding were dwindling.  By 1966, the National Science Board had only tentatively 
agreed to fund some very scaled-back research into “two or three of the most urgent 
problems . . . whose effective study requires international collaborative effort” (Appel, 
2000, p. 229), and the NSF had notified the NAS that it would not provide a block grant 
for the IBP as it had done for the IGY.   
Some of this fiscal reticence had to do with skepticism toward the program—
detractors still insisted it was a disingenuous boondoggle, or at least would be seen as 
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such—and some of it had to with skepticism toward the NAS, which Harve Carlson, then 
chairman of the NSF’s Department of Biological and Medical Sciences, “thoroughly 
distrusted . . . as a powerful institution wanting to take over policy-making from NSF” 
(Appel, 2000, p. 230).  Thus, NSF historian Toby Appel notes, “the year before the U.S. 
program was to begin operation, the U.S. National Committee found itself in a frustrating 
position.”  She explains, 
IBP at this point was to consist of a series of smaller ecological projects within 
the general framework adopted by the international community.  But if NSF 
would not provide block funds for the Academy or give IBP proposals special 
standing, then the USNC could do little beyond certifying unsolicited projects 
(many of them ongoing) as relevant to IBP when certification conferred no 
acknowledged advantage.  On this basis, it was impossible to organize diffuse 
projects into a coherent program. (Appel 2000, p. 230) 
The NAS responded to this situation by holding a meeting of the USNC/IBP in 
Williamstown, Massachusetts, where the focus shifted toward the formation of an 
“Integrated Research Program” on “Analysis of Ecosystems” within six “biomes”—
eastern deciduous forests, tropical forests, grasslands, tundra, and desert (McIntosh, 1985, 
p. 216; Appel, 2000, p. 230).  These biomes were large and diffuse; many were located in 
different states. 
 Scientists who took part in the Williamstown meeting characterized it as an 
especially galvanizing moment in the history of American ecology.  In the first annual 
report of the Analysis of Ecosystems Program, written one year after the Williamstown 
meeting, Frederick Smith observed that the program had garnered the interest of many 
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ecologists.  “It is now evident,” he wrote, “that this program is becoming a nationwide 
organization for the development and integration of research on ecosystems.”  Smith 
continued: 
The causes of this flood of activity can only be surmised.  One idea presented 
frequently is that everyone is aware that ecosystem problems cannot be solved by 
individuals.  Another is that our scale of study must be expanded to meet the 
impending crisis between man and the biosphere.  Certainly the national concern 
for environmental quality has influenced the attitudes of many ecologists.  
Finally, many are aware that systems analysis is much more than a catchword, 
and offers great hope that complex collaborative studies will be fruitful. 
 Whatever the causes, a revolution among ecologists is underway, and the 
IBP is in the middle of it. (qtd. in Blair, 1977, p. 25) 
Although ecologists were coalescing around the Analysis of Ecosystems program 
because of its broader-than-usual scope, it was largely because of this broad scope that 
biome-oriented projects were controversial among U.S. biologists—whom the British 
ecologist Conrad Waddington characterized as the “toughest biological community into 
which to launch the [IBP]” (Worthington, 1975, p. 8).  The biomes to be studied were 
massive units of analysis by the biological standards of the time.  The U.S. biological 
community was dominated by molecular biologists and microbiological geneticists who, 
Waddingon notes, were quick to mention “in the hearing of government or the academy, 
that any organism bigger than E. coli serves only to confuse the issue” (Worthington, 
1975, pp. 8-9). Moreover, the Analysis of Ecosystems projects relied on systems analysis 
methodologies that were highly suspect to many biologists.  Systems analysis offered a 
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new approach to ecology that used computer models and differential equations to predict 
changes in highly contingent, large-scale ecosystems.  Facing a lack of funding and a 
surplus of criticism from colleagues, as Robert McIntosh observes, “The U.S. program 
did not develop without crisis” (McIntosh, 1985, p. 216). 
According to Turner, during the crisis phase of social dramas, “paradigms become 
transformed into metaphors and symbols with reference to which political power is 
mobilized and in which there is a trial of strength between influential paradigm bearers” 
(Turner, 1974, p. 17).  At the crisis stage of a social drama, the breach widens to a degree 
that is “coextensive with some dominant cleavage in the widest set of relevant social 
relations to which the conflicting or antagonistic parties belong” (Turner, 1974, p. 44).  
The dominant cleavage in ecology in the 1960s was between the more established 
biologists, who studied ecosystems in terms of their functional components at a single 
level of organization, and ecosystems ecologists, who studied ecosystems in terms of the 
relationships between those functional components across broader levels of organization.  
During the crisis phase, both sides emphasized their differences, effectively polarizing 
the two approaches. 
One influential ecosystems ecologist, Eugene Odum, attempted to mobilize all 
ecologists around the concept of the ecosystem, proclaiming in a 1964 article titled “The 
New Ecology,” “Ecologists can rally around the ecosystem as their basic unit just as 
molecular biologists now rally around the cell . . .  The new ecology is thus a systems 
ecology—or, to put it in other words, the new ecology deals with the structure and 
function of levels of organization beyond that of the individual and the species” (Odum, 
1964, p. 15, emphasis in original). Through rallying cries like these, ecosystems 
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ecologists such as Odum sought to mobilize an audience of ecologists interested in what 
they called a “holistic,” or sometimes “integrated,” approach to ecosystems, which they 
touted as “the new,” or sometimes “revolutionary,” ecology (for many examples of this 
kind of language, see McIntosh, 1985, pp. 193-241).   
But Odum knew he could not simply assume his audience identified with his 
cause.  Recognizing that he was making a somewhat incendiary statement, Odum 
predicted two responses from two “groups” of people.  One group would take it as 
obvious that a whole ecosystem is not the sum of its parts, so they would see nothing 
novel about “the new ecology.”  “The other group,” he wrote, “remains unconvinced that 
there is anything really new or different at ecological levels that can not be ultimately 
explained either by the reduction of the whole into even smaller parts or by expanding 
knowledge gleaned from parts directly into the whole” (Odum, 1964, p. 15).  Odum 
argued that this group subscribed to a “reductionist philosophy,” according to which 
complex large-scale processes could be explained in terms of the processes of their 
components. 15  Alluding to those aforementioned reductionists who thought that any 
organism larger than E. coli complicated the issue, “if anyone thinks that bird or human 
behavior can be understood by reducing the population to macromolecules, I would like 
to learn how this might be done” (Odum, 1964, p. 15).  Thus we can see the two 
ecological groups crystallizing as they take their own positions as given and argue that 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
15 It is worth calling attention here to how similar Odum’s statement is to the statement Dr. Klose 
would make 50 years later.  The difference, however, is that Dr. Klose spoke as a microbiologist 
complaining that her systems ecologist colleagues do not seem to care about the micro level 
structures affecting macro level processes.  Odum, on the other hand, wrote as a systems 
ecologist, and complained that his biology colleagues pay too much needless attention to the 
underlying structures, and that they make too broad arguments based on their findings. 
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the other position is untenable, and the point of contention is focused squarely on what 
constitutes a proper unit of analysis. 
Gross (1984) notes that Kenneth Burke’s rhetorical theory, which is partly 
concerned with how people identify as an audience for a persuasive argument, is 
indispensible for “identifying the styles of conflict within the four Turnerian phases” 
(Gross, 1984, p. 398).  In the social drama of the IBP, Burke’s concept of identification 
and Maurice Charland’s corollary theory of constitutive rhetoric seem especially useful 
for understanding how people rhetorically enacted the separation between the new and 
the old ecologies, and how they became entrenched in one sub-discipline or another 
during this crisis phase.  Identification eschews the idea that audiences are pre-existing 
groups of people simply waiting to be persuaded, and instead calls attention to how 
audiences come to identify themselves as persuadable subjects in the first place (Burke, 
1966, pp. 301-2; 1950, pp. 19-46).  Burke observed that identification has profound 
implications for activities that are commonly understood as “autonomous,” such as 
scientific disciplinary activities:  
The fact that an activity is capable of reduction to intrinsic, autonomous principles 
does not argue that it is free from identification with other orders of motivation 
extrinsic to it. [. . .] The human agent, qua human agent, is not motivated solely 
by the principles of a specialized activity, however strongly this specialized 
power, in its suggestive role as imagery, may affect his character.  Any 
specialized activity participates in a larger unit of action.  “Identification” is a 
word for the autonomous activity’s place in this wider context, a place with which 
the agent may be unconcerned (Burke 1950, p. 27). 
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Charland’s theory of constitutive rhetoric accounts for the processes at work in Burkean 
identification.  “If,” as Charland writes, “it is easier to praise Athens before Athenians 
than Laecedemonians, we should ask how those in Athens come to experience 
themselves as Athenians” (Charland, 1984, p. 134).  Analyses of Burkean identification 
and require us to analyze audiences’ responses to constitutive rhetoric, and in a 
disciplinary social drama such as that of the IBP, much of this constitutive rhetorical 
identification is carried out during the crisis phase when disciplinary actors recognize a 
breach, notice that it is widening, and find they must choose a side on which to stand.   
Odum’s rally cry rhetoric was necessary for, as his colleague George Van Dyne 
phrased it, putting systems ecology “on the board” (qtd. in McIntosh, 1985, p. 221).  But 
once systems ecology was on the board—that is, once it had established itself as a 
seemingly autonomous disciplinary activity—the revolutionary rhetoric faded somewhat 
and systems ecologists shifted into a more magnanimous position.  Thus, when Van Dyne 
announced the founding of a new Systems Ecology program at Oak Ridge National 
Laboratory in a 1966 report, he included Odum’s statement that “the new ecology is thus 
a systems ecology” (qtd. in Van Dyne, 1966, p. 9), but only well after acknowledging the 
controversy surrounding systems ecology: 
Neither is this area of work in ecology clearly defined nor do all ecologists view it 
equally. As with any new field, systems ecology is beset with vociferous skeptics 
(largely those who have done well under the old conditions) but supported 
primarily by lukewarm champions (largely those who may do well under the new 
conditions). [. . .] 
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Often we feel that our own work and interests are of extra importance, but 
I do not propose systems ecology to be a new panacea, nor that we neglect more 
conventional approaches in ecology. (Van Dyne, 1966, p. 2) 
Van Dyne’s dialed back rhetoric was a sensible move for promoting a fledgling sub-
discipline that wanted autonomy but not isolation. Many ecosystems ecologists would 
continue to strive for a similar balance in the next phase of the social drama of the IBP, 
but some would continue to overstate their case. 
 In an attempt to distinguish his theory from that of Erving Goffman,16 Turner 
emphasizes that 
For me the dramaturgical phase begins when crises arise in the daily flow of 
social interaction.  Thus if daily living is a kind of theatre, social drama is a kind 
of metatheatre, that is, a dramaturgical language about the language of ordinary 
role-playing and status-maintenance which constitutes communication in the 
quotidian social process.  (Turner, 1986, p. 76) 
The responses provided to Blair from his colleagues are useful for understanding how 
audiences were constituted as belonging to the pro- or anti- side of the IBP debate.  The 
next phase of the social drama, Turner writes, “deserves attention as a generative source 
of cultural performances.  This is the redressive phase, which . . . inevitably involves a 
scanning of and reflection upon the previous events leading up to the crisis that has now 
to be dealt with” (1986, p. 93, emphasis in original).  The crisis phase of the IBP social 
drama divided ecologists according to whether or not they perceived the risks of 
participation as outweighing rewards.  The redressive action phase of the IBP social 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
16 Turner wanted to distance his social drama analysis from Goffman’s “all the world’s a stage” 
theory of performativity in order to emphasize that the social drama as a temporal unit of analysis 
with a beginning and an end (see, Turner, 1986, p. 75). 
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drama was the opportunity for proponents to make clear their motives for participating in 
the IBP, and to make a case that their methodological techniques and conceptual 
framework—one involving an integrated approach to studying macro- and micro-units of 
analysis—were sound enough to accomplish their goals. 
 
V. Redressive Action 
Instead of appealing directly to the funding agencies that had repeatedly spurned 
them, the USNC/IBP turned to Congress to seek federal funds directly. Two important 
representatives for ecosystems ecology, Frank Blair and Roger Revelle, arranged a set of 
hearings before Representative Emilio Daddario’s Subcommittee on Science, Research 
and Development, which is where redressive action phase of the social drama of the U.S. 
IBP took place. 
Revelle, who was identified by his colleagues as “a real mover and shaker . . . 
[who] really shone when it came to getting the process started” (Coleman, 2010, p. 25) 
and “someone with the reputation of a real thruster” (Worthington, 1975, p. 10), opened 
the 1967 hearing by submitting a prepared statement to the subcommittee.  His statement 
began with a sweeping discussion of the self-inflicted biological problems facing the 
planet.  Humans, Revelle observed, have “alter[ed] the face of the earth through 
technology,” and they have also altered their own biology by extending their life 
expectancies considerably.  The problem with all of this change is that “[o]ur technology 
has outpaced our understanding, our cleverness has grown faster than our wisdom” 
Therefore, argued Revelle, increased understanding and wisdom, of the kind that only an 
integrated approach to ecosystems ecology could provide, were necessary: 
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Because of our limited understanding of the relationships among living things, we 
are limited in our ability to predict the effects of technical change or to help the 
technologists conserve the values and utilize the abundance of the world of life.  
Our goal should be not to conquer the natural world but to live in harmony with it.  
To attain this goal, we must learn how to control both the external environment 
and ourselves.  Especially, we need to learn how to avoid irreversible change.  If 
we do not, we shall deny to future generations the opportunity to choose the kind 
of world in which they want to live.  Greater understanding will make it possible 
for man to respond to opportunity as well as to react to need.  To gain such 
understanding is the underlying purpose of the International Biological Program 
(IBP, 1967, p. 2). 
Revelle’s statement goes on to detail the objectives of the IBP and the U.S. program’s 
plan to address those objectives. 
The subcommittee focused on the specifics of the projects later in the hearings.  
But, Revelle’s argument for an ecology aimed toward control—environmental control, 
population control, and self-control—was more persuasive to Daddario and his fellow 
Congressmen than the precise details of the project’s implementation.  Daddario read a 
passage from a report that had been commissioned by the subcommittee the previous 
year, titled “A Challenge to Science and Society,” which speaks to the persuasive power 
of this argument: 
Ecology generates a viewpoint or an attitude which, simply stated, involves wise 
use of our environment for the benefit of man. It does not imply a balance of 
nature or avoidance of change in the landscape. Rather, ecology encourages the 
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manipulation of nature, but with knowledge of the interacting forces and 
immutable laws, not haphazardly or indiscriminately. (IBP, 1967, p. 11) 
Daddario immediately followed his quote with praise: “We look with great favor, Dr. 
Revelle, on what you have been trying to do, not just in support of this resolution, but in 
your work, which is recognized internationally” (IBP, 1967, p. 11).  As the earliest 
statements of the hearing indicate, Daddario and his subcommittee were quick to align 
themselves with the ecosystem ecologists’ goal of environmental control and 
manipulation. 
Given the lack of alignment among ecologists themselves, how was alignment 
between the ecologists and politicians achieved so easily?  Certainly Revelle carried 
some clout as a political and scientific “mover and shaker” with him to the subcommittee 
hearings. The presence of a cadre of other supportive scientists backing him did not hurt.  
But Chunglin Kwa argues that we cannot simply attribute Revelle’s USNC/IBP’s success 
to lobbying and coalition building.  More important was the use of metaphor of 
ecosystem-as-cybernetic machine, which grounded the ecologists and Congressmen’s 
shared understanding.  The ecosystem-as-cybernetic machine metaphor had found 
traction among the broader public through books such as Rachel Carson’s Silent Spring 
and Paul Ehrlich’s The Population Bomb (Kwa, 1987, p. 431).  The environmental 
movement of the 1960s had popularized the ecosystem-as-cybernetic machine metaphor 
and its attendant concepts, such as homeostasis and feedback.  Thus the cybernetic 
vernacular common to ecosystems ecology had also become fairly common among the 
American public and their representatives.  For ecologists, the machine metaphor, 
“provided an heuristic for ecological research: systems ecology was to reveal the 
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structure of the machinery of the ecosystem.  It also set out a goal for ecology: specifying 
the conditions under which ecosystems could remain stable” (Kwa, 1987, p. 428).  
Moreover, the machine metaphor offered a heuristic for political action: once the 
structure of the machinery of the ecosystem was “revealed,” the public could go about 
deciding how best to repair it. 
The cybernetic metaphor of ecosystems as machines served its persuasive purpose 
well in that, as Kwa argues, it “fulfilled an intermediary role between ecologists and 
politicians” (Kwa, 1987, p. 414).  But when ecologists went so far as to suggest that they 
could be the ones to determine how to best manipulate the machine, they veered into the 
extra-scientific realms of politics and philosophy.  Some ecologists made untenable 
claims about how ecological understanding of environmental problems might be applied 
in addressing those problems, inadvertently overstepping their boundaries.  When, for 
example, Carlton Ray, a pathologist at Johns Hopkins University, suggested that the 
Analysis of Ecosystems projects were aimed not at understanding the cause or effects of 
pollution but instead at political action to mitigate the problems of pollution, 
Representative George Brown pushed back: 
You are getting suspiciously close to a field which is outside the scope of science, 
one of normative judgments. . . . Are you contemplating some philosophical 
aspect of this approach to the biological program? Are you assuming maybe that 
this ought to be sort of an international philosophical year as well as an 
International Biological Program? (IBP, 1967, p. 196) 
Ray responded that he “was merely pointing out that the International Biological Program 
does not separate itself from the problem of human welfare.” To this Brown replied, “I 
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think your point is correct.  I am merely making the point that you have certain 
preconceptions about the nature of human welfare which are not necessarily a part of any 
scientific program” (IBP, 1967, p. 197).  Later in Ray’s testimony, Rep. Brown 
summarized his argument: 
I sense in the witness a nostalgia of the old days in which man and nature are in 
balance and everything right with the world. . . . To determine that there is some 
natural balance as you seem to be hinting at is a highly philosophical question. 
(IBP, 1967, p. 199) 
Representative Brown’s statements stood out among his fellow Representatives’ as 
especially critical, and he downplayed their bite by suggesting that he was “playing the 
devil’s advocate” (IBP, 1967, p. 199).  But these sorts of arguments were even more 
common among scientists who were increasingly wary of ecosystems ecologists’ 
perceived philosophical overreach.  For example, an article in the British journal Nature 
from December, 1967 reported:  
Consideration of the philosophical bases of the International Biological Program 
(IBP) has so preoccupied scientific leadership in the United States that observers 
elsewhere have wondered when American biologists might get down to specific 
projects, and what these might be. A stream of stately essays has been the main 
output so far; yet Phase 2, or the operational part of the IBP, was supposed to start 
last July. At that time, however, the National Committee was in the midst of 
Congressional hearings on the IBP and its funding. (qtd. in Blair, 1977, p. 26) 
Similarly, as the Daddario subcommittee hearings published a report on the 1967 
hearings, the U.S. journal Science reported that the Analysis of Ecosystems projects 
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suffered, somewhat ironically, from “ecological sprawl” that spread it thinly over “a wide 
variety of seemingly unrelated projects” (Boffey, 1968, p. 1332). Herbert Curl, an 
oceanographer, wrote to Science to “add to [the] concise report on the ills of U.S. 
participation in the International Biological Program”:  
It is highly improbable that a group of individuals who cannot agree on what 
constitutes a community can agree to get together for international cooperative 
research on communities. Not only is this an inauspicious time to commence 
major projects requiring new funds, but there is reason to believe that the field of 
ecology is not mature enough to benefit from a large-scale, coordinated program. 
This double misfortune is particularly disheartening since we are already in very 
deep ecological trouble. (Curl, 1968, p. 1065) 
The Nature and Science articles, and Curl’s response to the latter, echo the doubts that 
polarized the old and new ecologists during the crisis phase. The journal articles 
characterized the project as disorganized, unfocused, and too philosophically flighty, and 
Curl’s response attributes these failings directly to the “immature” discipline of ecology. 
These doubts rarely found their way into the Congressional hearings.  Proponents 
of participation in the IBP did not have to answer to the subcommittee about the central 
issue of what constituted a proper unit of analysis.  After nearly a decade of the social 
drama of IBP, redressive action finally came in the form of Public Law 91-438, which 
was signed by Richard Nixon on October 7, 1970.  The law fully funded the Analysis of 
Ecosystems projects, funneling 40 million dollars into the large biome projects and a few 
peripherally related smaller projects between 1970 and 1974.  
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VI. Reintegration 
Turner writes that, for the analyst of a social drama, reintegration is “an 
opportunity for taking stock. [The analyst] can now analyze the continuum 
synchronically, so to speak, at this point of arrest, having already fully taken into account 
and represented by appropriate constructs the temporal character of the drama” (Turner, 
1974, p. 42).  Various accounts of the U.S.’s involvement in the IBP have engaged in 
such stocktaking.  Many of these accounts have recognized the U.S./IBP as a watershed 
moment for ecosystems science, and the discipline of ecology more generally (McIntosh, 
1985; Kwa, 1987; Appel, 2000; Coleman, 2010).  In a 1981 statement in the Bulletin of 
the Ecological Society of America, R.L. Burgess wrote, “In all probability, the single 
most important event for U.S. ecology in the last thirty years was the participation in the 
International Biological Program” (qtd. in McIntosh, 1985, p. 214).  This event was 
important in several ways.   
For one thing, the collaboration between scientists and the Congressional 
Subcommittee on Science, Research, and Development secured massive funding for 
large-scale ecological projects.  U.S. participation in the IBP was also important in that it 
helped legitimate ecology as a discipline.  Ecology did not enjoy much institutional status 
prior to the IBP.  Prior to the 1970s, no U.S. universities granted degrees in ecology, and 
ecologists held very few positions on influential policy-directing committees (Kwa, 1987, 
pp. 416-17).  Much of that changed once the U.S. projects were endorsed by the IBP.  
The American ecologist Frederick Smith credited the IBP with “lifting a minor subject to 
a position of major status” (qtd. in Worthington, 1975, p. 10).  Finally, U.S. participation 
in the IBP was important because it helped establish ecology, and the study of 
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ecosystems in particular, as the basic science that could solve our complex and 
increasingly dire environmental problems.  The environmental movement in the 1960s 
and 70s had begun to coalesce around the ecosystem concept, and the swelling movement 
may have partly motivated Congress and the President to put their faith, and their (that is, 
the public’s) money, behind ecosystem ecology.  In sum, U.S. participation in the IBP 
established a source of funding for ecological studies where there had been none before, 
which in turn helped established ecology as a discipline, and which in turn helped 
establish ecosystem ecology as the foundational science for managing environmental 
crises. 
Nevertheless, the reintegration of “new” and “old” ecologies has not been fully 
realized.  The social drama of the IBP resulted in Turner’s less positive notion of 
reintegration, whereby the parties recognize and legitimate a schism between them.  In 
this case, the breach that Carlson first recognized between “old” and “new” approaches to 
biology were exacerbated during the crisis phase to an extent where the redressive action 
undertaken in federal government chambers was not enough to repair it.  For one thing, 
amid the grandiose rhetoric employed during the subcommittee hearings, some ecologists 
had made claims about their discipline’s “predictive power” and its ability to “improve 
world-wide productivity” and help solve the problems of overpopulation.  Thus, writes 
McIntosh (1985), the discipline suffered “when more was claimed for it than it could 
deliver. . . .  The solid achievements of ecology in the IBP ecosystem programs were 
sometimes masked by criticism of its failure to achieve the impossible” (McIntosh, 1985, 
p. 221).  The biome projects made some large strides toward developing the kind of 
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understanding Revelle and his colleagues sought, but there was little or no chance that the 
projects, by themselves, could accomplish everything that some ecologists had touted. 
Integrated approaches to ecosystem analysis were not universally embraced in the 
years following the IBP projects, as biologists working in various fields continued to 
identify themselves according to the polarizing constitutive rhetoric of the crisis phase.  
For example, in a 1976 review of a major volume of systems analysis, limnologist Frank 
Rigler took up Odum’s dichotomy between old and new ecologies and repeatedly 
referred to himself and others who find systems analysis impenetrable as “oldies.”  On 
the sections of the volume having to do with biome modeling Rigler wrote: 
It is a biology with a new language—a new paradigm.  In the old days, despite our 
professional fragmentation, ecologists could understand and be interested in the 
work of geneticists, embryologists, molecular biologists, and others although we 
were inadequately trained to make original contributions to these fields.  Now, it 
seems that a branch of our own discipline is beyond some of us because the 
chapters on biome modeling left me bemused.  Eventually the source of the 
difficulty became clear.  Systems analysis modelers have a totally different 
publication paradigm.  Whereas we (the oldies) tend to publish the results of 
experiments we have actually done, they (the modelers) seem to be publishing the 
equivalent of experiments they intend to do. (Rigler, 1976, p. 481) 
Using Kuhnian terminology in his critique, Rigler argues that the methodological 
differences between ecological “branches” amount to a kind of irreconcilable 
paradigmatic incommensurability. 
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Reintegration is an ongoing process in ecology.  Tensions between sub-disciplines 
have abated in some cases,17 and many have sought, and are still seeking, a unified 
discipline.  But as new ecological approaches emerge, familiar disciplinary divisions 
continue to be reenacted.  For example, in 1988 Heinz Stolp, a microbial ecologist, 
lamented “the still existing gap between micro- and macroecology” (Stolp 1988, 282).  
More recently, Loreau, Mouquet, and Holt (2005), complained that “the traditional divide 
within ecology between the perspectives of population and community ecology on the 
one hand and ecosystem ecology on the other hand” has re-emerged in, and fractured, the 
sub-field of spatial ecology (Loreau, Mouquet, and Holt, 2005, 418-19).  Assessing the 
prospects for a more unified “big ecology,” David Coleman writes, 
When viewed through the lens of three to four decades since the heyday of the 
IBP Biome programs, several features stand out. The main point that comes 
across is the sheer magnitude of the accomplishments by only a few hundred 
scientists working in concert over four decades. The second thought is: how much 
more could have been accomplished had there been a more concerted effort to 
involve a greater number of scientists, and to educate several hundred more 
graduate students, during that period. (Coleman, 2010, p. 180) 
Although the U.S./IBP was geared toward just such a concerted effort to cast a wider net 
for ecology, this effort was diminished during the social drama that ensued. 
 
VII. Conclusion 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
17 See, for example, Bazerman and De los Santos’s study of the gradual unification of toxicology 
and ecotoxicology. 
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 In this chapter I have tried to demonstrate that Turnerian social drama analysis 
provides a useful foundation for studying disciplinary integration.  Analyzing disciplinary 
conflict as a four part drama is a useful way to create a coherent narrative that calls 
attention to conflicting principles that must be continuously resolved.  In this case, 
considering the IBP controversy as a social drama illuminates conflicting principles 
driving an integrated approach to ecosystem analysis.  This social drama analysis 
indicates one of the primary principles at stake was what constituted a proper unit of 
analysis for biological study.  Some argued, as Waddington put it, “that any organism 
bigger than E. coli serves only to confuse the issue.”  Others argued that an integrated 
ecosystem analysis approach, which considers environments in terms of the micro and 
macro-level functions, is the only way to gain holistic insight into ecological processes. 
Ecologists arguing for an integrated approach needed to prove that they could integrate 
microcosm research with fieldwork.  To accomplish this, microbial ecologists have 
turned to statistical models and graphic genres that, as I will demonstrate in later 
chapters, have been crucial to an integrated approach.	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Chapter 4 
 
Microbial Communities in the Lab and in the Field 
 
I. Introduction  
 In the previous chapter I traced the disciplinary divisions between ecology and 
biology and concluded that the disciplines were suspended in a perpetual “less positive” 
state of reintegration (Gross, 1996).  I argued that the divisions between the “old” and the 
“new” approaches to biology, particularly as manifested between micro and macro-level 
orientations, were conflicts of disciplinary structural principles that inhibit an integrated 
approach.  This chapter presents a case study demonstrating an attempt to bridge these 
divides in an integrated approach to ecology.  It is a case study involving a group of 
scientists—the cheaters project—acting with one another, with their technologies, and 
with their objects of inquiry toward integration of microbiology and ecology by 
integrating laboratory-based microcosm studies and field studies.  In this study, I 
particularly focus on an important textual intermediary—a graphic representation of a 
microbial community.  This graph functioned as a site of negotiation that mediated the 
epistemological boundary between disciplines of microbiology and ecology and the lab 
and field. 
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 The data for this case study comes primarily from interviews with Caleb and Jai, 
two graduate students working under the advisement of Professor Greenmarch and 
Professor Klose on what has been dubbed “the cheaters project.”  The cheaters project is 
a pluralistic study of microbial communities’ roles in the decomposition of leaves.  It is 
headed up by Professor Greenmarch and funded by the Department of Energy.  The 
boundary object around which the project organizes its activity is the microbial 
community.  More graduate students than just Caleb and Jai work on the cheaters project, 
but they are the two who were co-advised by Professor Klose and Professor Greenmarch, 
so they were the ones to whom I had access. 
The cheater is a metaphorical construct that has travelled between disciplines.  In 
microbiology, cheaters are microorganisms that consume energy without producing 
enzymes to help break down organic matter.  Caleb explained the construct of the 
microbial cheater to me by likening it to other organisms it is used to describe: 
Caleb:  “Cheaters” is a pretty general term in biology. . . . So, there's this species 
of bird that, I think it's called the Brown-headed Cowbird.  We talked about it in 
my animal behavior class as an undergraduate.  Basically, what this bird will do is 
it will lay its eggs in the nest of a different species of bird, and this [Cowbird] is 
actually bigger than the [other] species. . . .  So what happens is, basically this 
bird is cheating because it doesn't have to do any of the work of raising its own 
offspring.  It costs a lot of energy to look for food, and feed them, and take care of 
them, and teach them how to fly and all that.  So if you can dump your offspring 
into a few nests of different birds, there's a good chance that some of them will 
survive.  And because these birds are actually bigger than the other birds that are 
feeding it, the species that is being cheated off of will actually feed the offspring 
from this other bird more than it'll feed its own offspring.  Because they're bigger, 
it thinks, "Oh, look at this giant child!  It's really healthy and this is the one I want 
to survive and pass on my genes to the next generation."  [. . .]  So it's a pretty 
general term in biology.  You can apply it to a lot of different things, but applying 
it to microbial communities is really new. 
 
The cheaters project is geared toward studying these kinds of microorganisms in the 
laboratory and in the field to understand the roles that environmental factors play in how 
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and why cheaters cheat.  The cheaters, and the microbial communities of which they are a 
part, are multiple in that they are enacted differently in these two separate sites.   
 The integrated approach that the cheaters project takes to studying these microbial 
communities involves integrating findings derived from the field with findings derived 
from the laboratory.  This is not necessarily an easy task.  One factor inhibiting the 
integration of the lab and the field is that knowledge produced in each space is inscribed 
with a different ethos.  As Livingstone (2003) has argued, science conducted in the 
laboratory draws its credibility from its carefully controlled sense of placelessness; 
scientific fieldwork, on the other hand, draws its credibility from the “uncontrollable 
character of the field” (p. 47).  Moreover, conclusions drawn from lab work have come to 
imply universality where conclusions drawn from the field emphasize locality.  Kohler 
(2002) traces these differences in biology back to the nineteenth century, when “[r]apid 
expansion of laboratories and experimental disciplines since the 1850s . . . created a zone 
of tension between an expansive, confident scientific culture and an older field science 
that was cast as old fashioned . . . and pushed to the periphery of the new scientific 
world” (p. 23).  As I demonstrated in Chapter 3, this zone of tension between a “new” 
and “old” biology resonated through the IBP social drama, and as I shall demonstrate in 
this chapter, integration of lab work and fieldwork must still confront this boundary. 
 Negotiations between the lab and the field occur in a cultural space that Kohler 
(2002) calls “the lab-field border zone,” a site of knowledge production that is 
“fundamentally rooted in ecology and economy” (p. 18).  Kohler elaborates on his 
characterization of the two fields thusly: 
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Laboratory and field biology are distinct modes of knowledge production and 
have distinct political economies. . . . Experiment as a mode of production works 
only in artificial and ecologically simplified environment constructed for the 
purpose, as do plough or paddy agriculture.  Some forms of fieldwork might be 
compared to nomadic pastoralism . . . but much of field biology seems more like 
mixed farming and foraging: sedentary and mobile in alternation; dependent on 
natural environments and at times irregular in output; flexible and opportunistic.  
It is science before the arrival of the lords of land and water. (2002, p. 18) 
Here Kohler hedges this analogy by calling it “a bit fanciful, perhaps, but not a bad way 
to think about field science” (2002, p. 18).  I find Kohler’s way of thinking better than 
“not bad,” as conceptualizing biological lab work and fieldwork as enacting “distinct 
political economies” by way of distinct modes of production calls attention to certain 
exigencies we might have overlooked otherwise.  
 Of specific interest in this chapter are the temporal exigencies shaping Caleb’s 
work in the lab-field border zone.  Patricia Dunmire (2000) demonstrates, in her study of 
genres common to nurse practitioners, that we should not underestimate the temporal 
dimensions affecting rhetorical situations.  In her study, Dunmire shows that nurses who 
are afforded more time to consult with patients often spent that time discussing both the 
physical and psycho-social dimensions of the patients’ ailments.  Conversely, nurses who 
were pressed for time during a consultation tended to discourage discussion of the 
psycho-social dimension of patients’ ailments, focusing almost exclusively on the 
physical dimension.  Noting that theories of temporal exigencies in rhetorical situations 
were too vague to be useful, Dunmire adopts Karen Davies’s (1990, 1994) model of 
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“process time” as opposed to “clock time” to describe the two temporal economies 
shaping the nurses enactments of the consultation genre.  Process time, as Davies (1990) 
defines it, is associated with a pre-industrial agrarian orientation to time as cyclical, 
following “local and natural rhythms” (p. 19).  According to a process time model, “the 
task itself defines the amount of time to be consumed, rather than a time limit or temporal 
demarcation being placed on the task” (Davies, 1990, p. 37).  Clock time, on the other 
hand, is associated with an industrialized, capitalist orientation to time as linear, “one 
where the clock closely regulates the work and the worker” (Davies, 1994, p. 278).   
 The flexible and opportunistic nature of fieldwork suggests it is would ideally 
operate according to a process time temporal model.  However, the institutionally 
imposed linear strictures of the university laboratory exert their influence too.  
Negotiations must be made.  Some research has attended to the role of time constraints on 
scientific collaboration.  Elinor Ochs and Sally Jacoby (1997) consider temporal 
exigencies impacting the “discourse of consensus” among a university laboratory of 
experimental and theoretical physicists collaborating on a conference presentation.  Ochs 
and Jacoby demonstrate that temporal exigencies imposed by the upcoming conference 
deadline shaped how the physicists negotiated consensus regarding conflicting findings.  
In the following case, conflicting temporal exigencies that come to a head in the lab-field 
border zone are mediated by a graphic visualization. 
 
II. Methodology 
 In this section, I will describe the data I collected for my study and my analytical 
methods, aims, and outcomes. 
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Data Collection  
 Interviews.  I conducted two formal interviews with Caleb—one lasting 45 
minutes, and the other lasting an hour—and one formal interview with Jai lasting 45 
minutes.  During these interviews I asked about what I had been reading in The 
Literature, what I had observed in the laboratory or at meetings, or what I had discussed 
with others in the Klose Lab.  I transcribed Caleb’s first interview verbatim, and for the 
other interviews, I first paraphrased interview data and later fully transcribed especially 
salient exchanges as I refined my research focus.  These interviews were meant to give 
me emic insight into how Caleb and Jai conceive of their work. 
 The Literature.  In interviews I asked Caleb, Jai, and Professor Greenmarch about 
what kinds of literature they were engaging in for their project and what kinds of ecology 
or microbiology work they situated themselves in more broadly.  I also followed citations 
that appeared frequently in the work they shared with me.  As a disciplinary outsider, 
reading from this literature gave me etic insight into the broader disciplinary concerns of 
their field, and conducting member checks with my participants on what I was reading 
gave me emic insight into how they apprehended those concerns. 
 Observations.  My primary participants involved people working in the Klose 
Lab, so I was not able to observe Caleb and Jai at work in the Greenmarch Lab.  The 
Greenmarch Lab was much more apprehensive about my presence than the Klose Lab, 
and with a few good reasons.  Their project is funded by the Department of Energy, and 
they are working on novel techniques that they do not want disseminated yet.  However, 
while some of Caleb’s work took place in the Greenmarch Lab, he did spend more of his 
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time in the Klose Lab, so I met with him fairly regularly.  And I was able to engage Jai in 
informal conversation when observing lab work that, for various reasons, led my 
participants and me to the Greenmarch Lab.  Moreover, I observed a Klose Lab meeting 
attended by both Caleb and Jai, which gave me emic insight into how they talk about 
their work to their peers and colleagues. 
 Textual Artifacts.  I collected textual artifacts during each of my interviews with 
Caleb.  Caleb liked to sketch diagrams for me to help explain his work, and some of these 
ended up as focal points of my analysis.  Caleb also granted me access to inscriptions he 
was producing—including data tables, experiment protocols, and written reports and 
proposals—via a shared Dropbox folder.  Jai was more hesitant about sharing his work 
with me, and I did not push him on the matter. 
 
Data Analysis 
 A review of The Literature relating to ecological communities portrayed the 
object of the ecological community as a contentious point of tension between ecologists 
working in the field and those working in the lab.  As I collected and transcribed data, I 
became interested in postplural inquiry (Mol, 2002; Law, 2004; Herndl and Cutlip, 2013), 
which drew my attention away from The Literature to the practices in which objects and 
realities are enacted. 
 As I describe in the following section, my interview data led me to focus on an 
intermediary text that acted as a calibration gauge by which Caleb, Jai, Prof. Greenmarch, 
and the others involved in the cheaters project could assess their alignment with one 
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another and adjust accordingly.  These rhetorical acts of calibration and alignment are 
crucial to the coherence of the cheaters project. 
 
III. Results 
 Around the time of my first interview with Caleb, I was beginning to get a sense 
of the disciplinary divisions in ecology.  I asked Caleb to explain the differences between 
ecological sub-fields, and to explain where he fit into the discipline as a community 
ecologist: 
Caleb:  In biology, in general—in ecology we have these three steps of 
organization:  it's population ecology, community ecology, and ecosystems 
ecology.  In population ecology you look at one species, or you look at one 
population and that is basically all of the organisms that are the same species that 
are interacting with each other.  Ecosystems ecology is you basically don't really 
look at the organisms that are responsible for the process, you want to understand 
the process as a whole.  So you don't care which microorganisms are 
decomposing the leaves, you just care that they are decomposing the leaves and 
releasing this much CO2 into the atmosphere and contributing this much of this 
type of compound to the soil.  You don't care what's causing it. […]  So in 
community ecology we're looking at which organisms are responsible for the 
ecosystem process.  What is present in these leaves that is contributing—
responsible for emitting that much CO2 into the atmosphere and more what are 
the interactions between these microorganisms that are driving this business. 
 
Caleb explained that, whereas ecosystems ecologists seek to “understand the process as a 
whole” and “don’t really look at the organisms that are responsible,” community 
ecologists are intent on “looking at which organisms are responsible for the ecosystem 
process.”  Just like Caleb does in the above passage, ecologists from different sub-
disciplines tend to talk about themselves as taking different perspectives on a single fixed 
reality that involves ecosystems.  One ecologist’s perspective foregrounds some aspects 
of the ecosystem and brackets others, while another’s foregrounds the very aspects the 
first perspective sets aside.  This is how it seems.  But, as I detail below, community 
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ecologists do more than simply look at a fixed reality.  If we pay attention to the 
communities that were supposedly there all along, just waiting to be looked at and 
represented, we see that those communities are multiple and enacted in practices.  These 
practices involve intervening in the material world, and these interventions are facilitated 
by representational practices.  Indeed, in this case, the representational practices Caleb 
works toward inform the way in which he intervenes in the material world in substantial 
ways. 
 While Caleb works primarily in the field, Jai works primarily in the lab, 
contributing to the project in two interrelated ways.  One contribution involves highly 
controlled experimentation, and the other involves mathematical modeling.  “My 
concern,” he explained, “is with the temperature effects.  So I am trying to see, in a 
laboratory setting, how temperature affects decomposition dynamics of microbes.”  When 
the temperature rises, microbes’ metabolism increases, and they decompose more matter 
in shorter order.  Jai and his fellow cheaters project workers want to understand “how 
that's happening with our organisms in a model environment and then try to apply it to 
the actual environment.”  Jai explained their methodology: 
The way we're hoping to do that is to do stable isotope studies where we're giving 
the microbes monomers labeled with 13-c carbon—the normal carbon is 12.  And 
so with that we can trap where the carbon is going, and so we can see whether 
these guys are incorporating it into their biomass, their DNA, or are they respiring 
it?  What are they doing with it?  And so that'll help us answer, with this increase 
in temperature, what are the microbes doing?  And so that's the lab stuff.   
 
In addition to “the lab stuff”—viz., the experiments conducted in vitro—Jai is also 
working in silico to develop a mathematical model: 
Jai:  And then I'm also working on this model—mathematical model—which 
we're hoping to use as a predictor where we can give it certain parameters and see 
how the flow of carbon is going to go.  Is it producing enzymes?  Respiring?  
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Incorporating into biomass?  Are the decomposers being killed off by the 
cheaters?  Stuff like that. 
 
 Caleb’s contribution to the study is that he observes communities of cheaters in 
the forest.  That is, he studies leaves as they are left to deteriorate in a wooded area, 
rather than in the laboratory under strictly controlled conditions.  This does not mean, 
however, that Caleb’s leaves are simply left alone.  He stuffs them into mesh leaf litter 
bags, which he places under plastic tents out in the woods, and he visits them weekly to 
pour a measured amount of water on them.  All of this is intended to manage the 
messiness of contingency, while still admitting some degree of unpredictability and 
complexity. 
 Striking this balance is crucial to Caleb’s study.  Most other studies of microbial 
cheaters and leaf decomposition are microcosm studies, meaning they are performed in 
the laboratory under controlled conditions.  Caleb described microcosm studies thusly: 
Microcosm is pretty specific to a type of like lab study. . . .  Generally with a 
microcosm you're controlling basically everything, so you have to basically 
isolate whatever you're looking at.  So in terms of, like, if you want to look at leaf 
decomposition for example, you would take a leaf and you would seal it in like a 
ball jar—like a jar you would use for like canning.  And it's completely sealed and 
then you can keep everything constant pretty much, except for, like, if you want 
to look at different types of bacteria, you could throw different types of bacteria in 
this jar and then see how that effects the decomposition or whatever. 
 
While his colleagues in the Greenmarch Lab perform microcosm studies, Caleb, who 
works both in the Greenmarch and Klose Labs, performs field studies.  “We do a lot of 
the same analyses,” Caleb explained,  
 It's just we're getting the samples differently.  So whereas someone who's doing a  
 microcosm study might take their leaves out of the jar and look at like the 
 enzymes that are there, I'm going to take my leaves from the field and bring them 
 back and look at the enzymes.  So it'll be the same method but different ways of 
 gathering the sample. 
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These two approaches are meant to complement one another and provide a more holistic 
account of what affects leaf decomposition.  Jai told me how this complementary 
approach works: 
We have to partition all those [variables] in whatever way we can to be able to 
understand the smaller picture before we can add them all to get the big picture. . . 
.  So by carrying out model experiments we are able to get a ballpark picture. . . . 
And then by carrying out the environmental experiments we can expect that it’s 
going to be in this range. . . .  So in biology it’s really hard to partition individual 
components. . . .  In the end a lot of work by a lot of people is required to get the 
big picture. 
 
Caleb’s work in the field, which is directed toward measuring the effects of moisture on 
microbial community function, and Jai’s microcosm and modeling work in the lab, which 
is directed toward measuring the effects of temperature on microbial community 
function, are meant to hang together to form a “big picture” of microbial communities in 
leaf decomposition. 
After my initial interview with Caleb, I went to speak with his advisor, Professor 
Greenmarch, who heads the cheaters project.  Dr. Greenmarch explained to me the 
distinctions between ways of bounding communities.  He told me that he sees two 
methodological ways of bounding communities, the first is “operational,” which means 
settling on a fixed topographic space as the boundaries of the community (e.g. a leaf), and 
the second is “conceptual,” which means bounding communities in terms of which 
groups of organisms interact with one another.  He noted that he has encountered 
“slipperiness” when putting together the cheaters project because the operational 
community present in the topographic space of a leaf or a bunch of leaves may harbor 
one conceptual community of certain organisms that interact under usual circumstances, 
but that all may be thrown into confusion if, say, a raccoon walks across the bag of leaves 
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and introduces new organisms into the mix.  The question arises: are these 
microorganisms part of the community? 
 I asked Caleb about this conundrum, and he explained some fairly recent 
emendations to the community concept in microbial ecology: 
Caleb:  So one of the terms that's come up more recently—it's been around for a 
little while—but we describe it as a "meta-community.” . . . So you have these 
individual communities […] You have, say, just these different communities that 
are just isolated because they're far away from each other.  You could describe 
this whole thing as a meta-community if there's the potential for an organism from 
here to move here, or . . . if, like, the wind blows some microorganisms that are 
attached to a leaf from here to here, you could describe this whole thing as a 
meta-community. 
 
As he spoke he illustrated the concept of meta-communities by drawing the following 
picture for me: 
 
Figure 4.1. Caleb’s drawing of a meta-community. 
“Community,” Caleb ultimately explained, “is the smallest measure you want to talk 
about [in community ecology].”  So the community is an important object, but clearly, as 
the very idea of the meta-community suggests, the concept of the community is not very 
cut and dry.  Like communities of humans, microbial communities are not autonomous, 
neatly bounded entities; they are permeable and interpenetrated.  A community is a 
loosely organized organizing concept that is at least partly argued into cohesion.   
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 I emphasize partly here because the microorganisms themselves do not have to 
cohere into communities no matter how much community ecologists argue.  To make the 
claim that the communities he is studying are actually there, Caleb needs to produce 
evidence that they are functioning as those communities are expected.  This evidence is 
generally conveyed via graphic representations.  As Jai put it when I asked him what the 
most important evidence is for him and his colleagues to prove their claims about 
cheaters, “In microbial ecology—in ecology per se—graphs, like, pretty much a picture 
says a thousand words with a graph.”  So, Caleb needs to make a graph, but his leaves, 
or, rather, the microbial communities that break down those leaves, are not cooperating. 
The leaves are not deteriorating as quickly as he needs them to because the microbial 
communities’ goals are not aligned with Caleb’s and the cheaters project.  They do not 
seem to care that he had a dissertation to write in a limited amount of time.  They do not 
seem to care that a Department of Energy grant hinges on their cooperation.   
I asked Caleb how long he expected his project to take: 
Caleb: Well, that kind of depends.  We are having some issues with these leaves.  
They're not decomposing as quickly as they should.  So we might end up running 
it longer than we had originally planned, because we do want to see—Generally 
with decomposition, you get . . . [As he talks, he draws diagram on back of sticky 
note (just the horizontal and vertical axes and the line with no circles).] 
 
 
Figure 4.2. Caleb’s drawing of a sigmoid curve. 
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It starts off really slow and then it just drops off.  We haven't hit this drop off 
point yet.  And that's what we want to see when we are looking at decomposition 
because that tells us that the communities that are going to be there are relatable 
to decomposition—they're not just sitting on the leaves doing whatever. 
 
I asked Caleb why the curve was not curving the way he expected it to. 
Caleb:  Um.  It has been a really dry year.  Decomposition is pretty dependent on 
moisture.  And even though I have been pouring water on these leaves, 
potentially, since the soil might be so dry from the dry weather that we had, the 
moisture might have gotten sucked away pretty quickly . . . I'm not really sure.  
It's . . . It's been causing me a headache these past couple weeks . . . I have no 
idea.  That's one potential explanation, but. . . . 
 
Me:  So how much longer would you, like, ideally, would you say? 
 
Caleb: Studies that I've read have taken leaf decomposition for two years.  It's 
usually you get a sample every couple of months for the beginning, but then 
like—So basically what you want to see . . . [makes circles on sketched graph as 
he explains] You want to get points that are representing this curve.  So you want 
one towards the beginning so you know where they started, but then you want to 
try to get them as they're along this curve so when you get your graph you can 
show this nice trend where it drops off exponentially. 
 
This is a frustrating situation for Caleb.  His communities are not behaving as other 
communities tend to behave in other studies, and so he is not seeing “what we want to 
see,” which would allow him to represent the process of leaf decomposition in a way 
whereby “you can show this nice trend where it drops off exponentially.”  The leaves, for 
some reason, are not allowing him to see what he wants to see, so it looks like he may not 
be able, ultimately, to show what he wants to show. 
 
Interlude: A Quick History of the Sigmoid Curve in Community Ecology 
 Who is the “we” that wants to see this sigmoidal (S-shaped) curve?  What is the 
significance of this curve?  It is a simple looking slope, but it carries with it some 
complex disciplinary baggage, which Sharon Kingsland (1995) unpacks quite thoroughly 
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in Modeling Nature: Episodes in the History of Population Ecology.  Sigmoid curves 
such as the one Caleb works with/toward have been integral to population ecology since 
its emergence as a discipline.  Such graphs may now seem so commonplace, and their 
simplistic representation of natural processes of growth or deterioration so self-evident, 
as to not warrant much attention, but their ubiquity and seeming transparency as 
evidentiary resources is precisely why they deserve attention from rhetoricians (cf. 
Fahnestock, 2005).  To understand their long-maintained disciplinary significance, we 
must look to what McIntosh (1985) calls “the antecedents of ecology” (pp. 1-21).  A brief 
survey of The Literature from this era shows the sigmoid curve as a powerful 
intermediary between disciplines. 
 In an 1883 study of oyster production conducted at the behest of the Prussian 
agricultural ministry, Karl Mobius wrote, “Science possesses, as yet, no word for a 
community where the sum of species and individuals, being mutually limited and 
selected under the average external conditions of life, have, by means of transmission, 
continued in possession of a certain definite territory.  I propose the word Biocoenosis for 
such a community” (qtd. in Nyhart, 2009, pp. 152-53).  Mobius’s theoretical concept of 
the biocoenosis (translated from the Greek to “living-community”) took hold among 
biologists who were concerned with population growth.  Especially concerning were the 
booming populations of insects that were decimating grain stores and crop production.  
Kingsland (1995) observes, “As these outbreaks [of insects] were studied in greater 
detail, it became clear that population events reflected a more complex fabric of causes 
than had previously been imagined” (p. 52).  Attempts to unravel this complex fabric 
pointed toward questions about how various intra- and extra-organismic factors acted on 
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population growth, and “[b]efore too long the mathematical answers began to appear” 
(Kingsland, 1995, p. 56).  Notably, those mathematical answers took the shape of a 
sigmoid curve. 
 In a series of controversial publications written between the 1920s and 40s, 
Raymond Pearl argued for a “logistic curve” as a universal mathematical law of growth.  
He applied his curve to various forms of population data, including 1920 U.S. Census 
data (see Appendix C, Fig. C.1).  Pearl observed that the logistic curve charted population 
growth not only in human populations, but in Drosophila and Plymouth Rock fowl as 
well (Pearl, 1925), and he was quick—too quick, really18—in claiming the curve’s status 
as a universal law of population growth.   
 The criticisms surrounding Pearl’s logistic curve opened up another disciplinary 
breach and a disciplinary social drama, similar to the IBP social drama that would unfold 
a few decades later, about the use of mathematics in population biology, and about the 
definition of a law.  Pearl’s colleague on the editorial board of the Proceedings of the 
National Academy of Sciences, Edwin Bidell Wilson, was especially critical.  During a 
1924 lecture at Johns Hopkins, published later in Science, Wilson derided researchers 
“who seem for some reason to believe that a mathematical formula is eternally true.  
Their attitude is Shamanistic.  They go through with magic propitiatory rites, idolatrous 
of mathematics, ignorant of what it cannot do for them.  And I am not quite sure that the 
high priests of this pure and undefiled science do not somewhat aid and abet their 
idolatry” (qtd. in Kingsland, 1995, p. 88).  Pearl retaliated in his 1927 article “The 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  18	  Kingsland (1995) writes, “Despite Pearl’s claims, he had not demonstrated why his curve 
deserved the status of a law of growth.  Economists, demographers, and biologists alike were 
justified in remaining skeptical in the light of Pearl’s haste to employ analogies, based on meager 
evidence, between individual organisms and populations, and between human and animal 
populations” (p. 83). 
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Growth of Populations”: “This argument is rubbish, born out of the conservative 
resistance to any new idea which the established order of learning has always shown, by 
that wind-broken and spavined old stallion, faith in a priori logic as against plain facts of 
experience” (qtd. in Kingsland, 1995, p. 80).  Kingsland observes that these debates 
between Pearl and Wilson “were not merely . . . about whether the logistic curve was a 
law of growth.  They were also arguing about money, prestige, and power.  Their clash of 
styles, of methods and philosophies, of personalities, became critical only when their 
overlapping interests put them in competition with each other” (1995, p. 93).  Like that of 
the IBP, the disciplinary social drama of the logistic curve accentuated the material and 
financial concerns and reputations of those invovled. 
 It did not have to unfold this way, as Alfred Lotka would demonstrate.  He took a 
less hardline view of the curve as a universal law, and referred to it instead as an 
empirical formula.  “An empirical formula,” he wrote, “is . . . not so much the solution of 
a problem as the challenge to such solution.  It is a point of interrogation, an animated 
question mark” (qtd. in Kingsland, 1995, p. 85).  In other words, Lotka understood 
formulas for population growth as approximations of actual growth, and not, as Pearl 
understood them, as laws of growth.  Lotka’s approach to the logistic curve as “an 
animated question mark” sidestepped controversy by treating the curve as a starting point 
for calibrating empirical inquiries into population dynamics.  Moreover, his openness to 
mathematics and physics allowed him to develop, along with physicist Vito Volterra, the 
Lotka-Volterra equation, which significantly altered the disciplinary trajectory of 
population and community ecology (Depew and Weber, 1995, pp. 411-12). 
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 So what’s in a simple sigmoid curve like Caleb’s?  The complex 
(inter)disciplinary history of ecology, for one thing, and possibility for collaboration, for 
another.  A curve like Caleb’s does not merely represent measurements of the 
deterioration of a microbial community.  As a part of a practice, it mediates the 
integration of knowledge produced in the field with knowledge produced in the 
laboratory. 
 
Meanwhile, Back in the Klose Lab 
 Later, I discussed the problems Caleb was having with his colleague Olivia.  I 
showed her the ideal sigmoid graph that Caleb sketched and a flatter one that I 
approximated.  
Olivia:  Caleb wouldn't have to produce this [graph] exactly.  It would be nice to 
have this, because it'd be a heck of a lot simpler to justify his discussion of why 
this [referring to the ideal graph] is going on versus this [referring to the flatter 
graph].  But this is interesting in the fact that these communities are more dormant 
or not producing normal amounts of enzymes.  It doesn't mean that his data is bad.  
It just means that science is messy, and he's going to have to figure out what the 
heck's going on here, and why it's not this normal curve. 
 
Olivia suggested—echoing Lotka’s description of the logistic curve as an “animated 
question mark” and Diamond and Case’s desideratum on the necessities of conditional 
statements—that certain level of microbial messiness is allowable, and even expected, 
and that it could be built into the representation, indeed, that it is already there and just 
needs to be acknowledged. 
 But Caleb was not ready to give up on the visual he set out to create.  He told me 
later that he was committed to creating the ideal graph, so, after talking things over with 
Professor Greenmarch, he decided to remove the tents he had built around his leaves.  
	  119	  
Caleb designed and built the tents to control how much the leaves would be exposed to 
the elements.  They might have deteriorated too fast if he left them un-tented in their litter 
bags, wholly exposed to the elements.  But now, because the dry weather was interfering 
with their decomposition, he decided to take away the tents.  Rather than bend his 
analysis to mirror the flatness of the curve he was seeing, they decided to bend his 
experiment to fit with the roundness of the ideal curve. This was Caleb’s other option: to 
work with his actors to help them help him make the image he originally envisioned. 
 
IV. Discussion 
 The disagreements between the graphs produced in the lab and the field amount to 
differences of practice.  As Mol writes, “Since enactments come in the plural the crucial 
question to ask about them is how they are coordinated” (2002, p. vii).  Such coordination 
is how disciplinary objects, despite their multiplicity, seem to coalesce into stable, 
singular entities, and this stability is necessary for the collaboration at the meso-level of 
project-oriented work ensembles and at the macro-level of disciplinarity.  This 
coordination is mediated in a significant way by the (seemingly) simple slope of a line on 
a graph.  At the meso-level, Caleb’s work must cohere with his counterparts who are 
performing microcosm studies staged in controlled laboratory environments.  
Experiments on the role of cheaters in leaf decomposition that, like Jai’s, are staged 
solely in the laboratory enact ecosystems as model organisms.  Caleb’s experiment on the 
role of cheaters in leaf decomposition is staged partly in the woods and partly in the 
laboratory, and so it is open to all kinds of disruptions—abnormally dry weather 
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conditions, flooding, raccoons.  The former type of experiment results in “what we 
usually see.”  The latter, in Caleb’s case, resulted in a flatter slope.  
 How to understand this discrepancy?  How to make sense of its resolution?  A 
postplural analysis understands the discrepancy between the microcosmically derived 
results and those derived from the field study (and their eventual resolution) in terms of 
how the different results stem from differently staged enactments of microbial 
communities.  The lab is one stage, and the field is another.  Each stage is equipped with 
its own set of actors and props.  Each stage has its affordances and constraints that shape 
the performances that take place there.  Moreover, according to a postplural approach, 
microcosmic and field studies amount to what Graham and Herndl (2013) call “pragmatic 
regimes of engagement,” which are “way[s] of interacting with the world from which 
[emerge] orders of values and agency attributed to people and objects” (2013, p. 114).  
Working across different stages and different pragmatic regimes, the cheaters group has 
enacted two different communities.  Because of their staging, Caleb’s field experiments 
ceded more agency to the leaves and their surrounding environment than did the 
microcosm experiments, and this led to disparate results. 
 A postplural analysis makes sense of the resolution as a matter of alignment and 
calibration.  As Caleb deliberates whether he should dismantle his carefully constructed 
stage to align his slope with that of the typical graph, he has to consider his dissertation, 
his professional goals, the goals of Jai and the others working on the cheaters project, the 
goals of the microbes, and the goals of the Department of Energy among many other 
motivational exigencies.  Suddenly the graph is a powerful intermediary between all of 
these agents and agencies.  When Caleb removes the tents, it is an act of calibration 
	  121	  
negotiated between him and Prof. Greenmarch, prompted and mediated by their 
consultation with the graph.  Moreover, it is an act of calibration between the pragmatic 
regimes of field studies and laboratory studies.  Any act of calibration, however, 
necessitates a standard to calibrate toward.  The standard, in this case, is the one that 
shows what “we usually see,” and it is the one derived from microcosm studies 
conducted in the lab. 
 It is worth acknowledging here that perhaps Caleb may not seem like a good 
candidate for a case study of scientific disciplinary integration in action.  Other studies 
may avoid focusing on scientists like Caleb because he is a graduate student and is thus 
limited by a lack of expertise.  Caleb’s institutional status as a less established scientist 
certainly must have some influence on his decision to alter his study.  But, as I discussed 
in Chapter Two, we should not discount the work of graduate students by thinking of 
them as mere novices.  To do so is to ignore too much of the work that goes on in 
university laboratories and overlook much of the actual work that goes on in enacting 
disciplinary coherence.  In any case, historians have argued that Caleb’s dilemma—the 
dilemma of managing contingency in field studies—has been a problem for scientists 
since “the field” emerged as a site of inquiry (Livingstone, 2003; Kohler, 2002), and this 
is a problem that established ecologists still struggle with.  As community ecologists, 
Jared Diamond and Ted Case (1986) have observed, “The answers to general ecological 
questions are rarely universal laws, like those of physics.  Instead, the answers are 
conditional statements such as ‘For a community of species with properties A1 and A2 in 
habitat B at latitude C, limiting factors X2 and X3 are likely to predominate” (p. x).  
Diamond and Case argue that sciences that produce conditional answers are strong 
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inasmuch as those answers are continuously tested through various methods.  Their 
weakness, however, “comes from the inherent complexities, the consequent difficulties in 
obtaining convincing answers, and the risk of blind preference for one methodology or 
model even where it is inappropriate” (p. x).  One of the “consequent difficulties” of 
working in a science that trades in complexity is the problem of “convincing.”  All 
community ecologists conducting the kind of work that Caleb does must accept 
messiness and contingency as a fact of working in their field, and they must manage it.  
Paying attention to work like Caleb’s provides some important insights about integrating 
the lab and the field in microbial ecology.   
 For one thing, Caleb’s project tells us something about how negotiations are 
handled in what Kohler (2002) calls “the lab-field border zone,” a site of knowledge 
production that, as I noted in the introduction to this chapter, is “fundamentally rooted in 
ecology and economy” (p. 18). The environment of the laboratory-based microcosm 
studies that Jai and other cheaters project scientists work on is equipped with sterilized 
jars in which leaves are kept in isolation under highly controlled temperatures.  The 
environment of Caleb’s field study is minimally equipped with mesh litterbags and tents 
in which leaves are kept in contact with one another and the soil. Even field studies like 
Caleb’s, which draw their credibility from the unpredictability of the field, must be 
managed to control for contingencies.  Caleb’s tents are themselves miniature 
laboratories that he constructed around his leaves to control for some—but only some—
contingencies.  Caleb’s case demonstrates that the field is full of surprises.  He knows 
that there is no controlling for the raccoon that sniffs around the litterbags and leaves its 
microbial trace.  Should such a raccoon cause such a problem Caleb could tell a new 
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story involving meta-communities, but this would involve expanding his unit of analysis 
to consider the surrounding area.  The staging of his study would grow considerably, as 
would the microbial actors and abiotic props.   
Caleb’s project also shows us that, even under careful management, 
environmental contingency still makes a mess of things.  Other non-raccoon-related 
uncontrollable aspects of the field—temperature and moisture—resulted in a flatter graph 
for Caleb than the one produced in microcosm studies. When Caleb was faced with the 
decision of how to resolve this discrepancy, he and Dr. Greenmarch had to consider the 
economics of the lab-field border zone.  Especially relevant here is the temporal 
economic dimension of Caleb’s decision to remove the tent to adjust his graph.  Caleb 
noted that most field studies of leaf decomposition monitor the process over two years, 
and were he to continue to monitor decomposition with the leaves under the tents, his 
study would take more than three years.  This is an extra year that Caleb cannot spare if 
he is going to complete his part of the project in a timely fashion and finish his 
dissertation on schedule.  This consideration also led to Caleb removing the tents from 
his leaves.  Ideally, a field study such as Caleb’s would have all the time it needed.  
Ideally, that is, the task would define the time limits.  However, in the lab-field border 
zone Caleb’s work encountered the temporal conflict between clock time and process 
time, and the clock time model prevailed.  
In my Turnerian analysis of The Literature that constitutes Chapter Three, I 
discussed how integrated approaches to ecology have had to negotiate conflicts between 
what constitutes a proper unit of analysis.  This primarily interview-based study of Caleb 
and the cheaters project has shown that, in practice, integrated approaches to studies of 
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microbial communities must also negotiate conflicts between work conducted in the 
laboratory and work conducted in the field.  My discussions with Caleb, Jai, and Dr. 
Greenmarch all indicated the importance of one graphic visualization, Caleb’s sigmoid 
curve, in mediating the work that goes on in the lab-field border zone.  The sigmoid curve 
was an important intermediary for the cheaters project as it drew together concerns about 
the epistemological value of place and the political economy of time and expertise.  The 
next case study, which is primarily driven by observations of science in action, continues 
to explore the way these concerns affect disciplinary integration. 
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Chapter 5 
 
Microbial Ecology and Multivariate Statistical Analysis 
 
I. Introduction 
 In a study similar to this one, Latour (1999) followed soil scientists as they 
collected samples and measurements in the field for analysis in the laboratory.  Latour 
undertook his study asking “the classic question that the philosophy of science attempted 
to solve without empirical grounding: how do we pack the world into words [and 
diagrams and charts and graphs]?” (1999, p. 24).  My question is altered slightly to 
address the classic question that the rhetoric of science has attempted to solve, largely 
without much empirical grounding: “why do we pack the world into some words and 
diagrams and charts and graphs and not others?”  My answers have to do with calibration 
and alignment—processes that Graham and Herndl (2013) emphasize as crucial to 
interdisciplinary work. In this chapter I identify and investigate the significance of 
multiple instances of calibration and alignment across Olivia’s work on the Tinkers Creek 
project.   
 The previous chapter discussed the importance of a fairly simple sigmoid curve in 
calibrating work for the cheaters project.  The curve functioned as, to borrow Lotka’s 
terms, “an animated question mark” that drew together Caleb’s work in the field, Jai’s 
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work in the lab, Dr. Greenmarch as the project leader, and the microbial cheaters 
themselves in a meaningful way.  This chapter builds on the findings of the last one by 
focusing on observational data derived from following Olivia as she worked in the 
laboratory and the field.  This case study is centered on a similarly important graph—one 
that organizes much of Olivia’s work in Tinkers Creek.  The graph Olivia produced, 
based on differences in samples taken from multiple sites over a two-month period, looks 
like this: 
 
Figure 5.1. Olivia’s ordination graph. 
 
This graph appears in the “Results and Conclusions” section of a poster Olivia presented 
at the same research symposium that Dr. Klose spoke at (which I referenced in Chapter 
1).  The poster looks like this: 
 
Figure 5.2. Olivia’s poster (title and acknowledgements censored for privacy reasons). 
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In this chapter I am going to discuss how Olivia arrived at this graph and the poster in 
which it is embedded via a combination of practices that integrated microbiology and 
ecology at micro-, meso-, and macro-levels.  The graph is an ordination graph, and 
ordination “is the collective term for multivariate techniques that arrange sites along axes 
on the basis of data on species composition” (ter Braak, 1987).  I will unpack this 
important term more momentarily, but for now allow me to state my thesis:  Multivariate 
statistical data practices, I argue in this chapter, function as the glue that integrates 
microbiology and ecology into microbial ecology. 
 A 2014 Nature editorial highlights the importance of statistical practices in 
contemporary science: “In the big-data era, statistics has changed from a way to assess 
science to a way of doing science” (“Number crunch,” 2014, p. 132).  Following this 
declaration, in February of 2015, Nature created a web collection titled “Statistics for 
Biologists” featuring methodological guides, blog posts, and articles about statistical 
practices for biologists.  An introduction to the home page for the collection states, 
“There is no disputing the importance of statistical analysis in biological research, but too 
often it is considered only after an experiment is completed, when it may be too late” 
(“Statistics for Biologists,” 2015).  As these statements suggest, statistical practices are 
an integral part of doing biology, and The Literature of microbial ecology since the IBP 
decade is replete with statistical analyses.  A literature review conducted in 1990 shows 
that, at that time, multivariate statistical analysis was gaining in prominence in ecology 
(James and McCulloch, 1990).  Noting a six-year-long continual increase in multivariate 
statistical methods in The Literature, the authors declare, “Clearly, it is no longer possible 
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to gain a full understanding of ecology and systematics without some knowledge of 
multivariate analysis” (James and McCulloch, 1990, p. 130).   
 The importance of statistical analysis in biological research was not always so 
indisputable.  In The Background of Ecology, Robert McIntosh (1985) observes, “Until 
about 1950 the basic data were only one step removed from the ecologists’ senses, and 
ecologists examined tables and graphs which numerically represented characteristics of 
vegetation only once removed from reality” (p. 144).  In the 1950s, however, plant 
ecologists began arguing that multidimensional quantitative statistical practices offered a 
more objective means of describing organisms and communities (Bray and Curtis, 1957; 
Williams and Lambert, 1959).  Plant ecologists Roger Bray and John Curtis were among 
the first to promote multivariate ordination methods in community ecology with their 
1957 study, “An ordination of the upland forest communities of Southern Wisconsin.”  
They explain that they drew inspiration from plant ecologist D.W. Goodall’s definition of 
ordination as “‘an arrangement of units in a uni- or multi-dimensional order’ as 
synonymous with ‘Ordnung,’ . . . and as opposed to ‘a classification in which units are 
arranged in discrete classes’” (qtd. in Bray and Curtis, 1957, p. 571).  In the case of Bray 
and Curtis’s study, this meant that they considered stands of individual species of trees in 
terms of their proximity to other stands of tree species.  The tables and graphs ordination 
practices yielded became further abstracted from their material referents and, perhaps 
ironically, as scientists were able to more objectively (viz. quantitatively) comprehend 
communities, the less comprehensible those communities became. “The ‘concrete’ 
community,” McIntosh writes, “became, instead of a relatively palpable entity on the 
ground, a nebulous cloud of points in multidimensional space.  Numerical methods 
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turned from description of communities to multivariate methods of classification and 
ordination of communities” (p. 144).  During the IBP decade, multivariate analysis was 
considered the sole purview of the “new” camp, but it has since gained widespread 
acceptance throughout the field. 
 James H. Brown (1991) claims that “perhaps the main contribution of ordination 
studies [such as Bray and Curtis’s] was to introduce ecologists to a battery of powerful 
multivariate analytical and statistical techniques.  These have now found wide application 
in many areas of ecology” (p. 452).  There are at least a couple reasons why ordination 
studies and multivariate statistics have become integral to ecology.  First, developments 
in high-throughput analytic data-processing technologies have accorded biologists easier 
access to more data. And, second, easy access to open-source statistical technologies has 
made it easier to analyze these data.  In a 2007 article investigating the role of 
multivariate statistics in microbial ecology, Alban Ramette (2007) surveyed The 
Literature and sees multivariate statistics as a potential boon to microbial ecology’s 
disciplinary status: 
These are indeed exciting times because even larger and more complex databases 
are being created and in parallel, computing power gradually becomes less of an 
issue. If microbial ecologists want to test numerical methods, develop new 
ecological theories, or validate existing ones for the microbial case, access to 
diversity data and above all, to the relevant associated environmental parameters, 
becomes a central issue. It would thus be of great interest to make such complex 
data sets publicly available, such as microbial ecological databases, so that 
microbial diversity can be studied in its environmental context. This would indeed 
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be a step toward making microbial ecology a central discipline in Ecology. (p. 
160) 
Ramette’s final sentence evokes the integrative exigency motivating many ecological 
sub-disciplines since the social drama of the IBP.  We might call this a macro-level 
integrative exigency motivating The Klose Lab’s goal of integrating microbiology and 
ecology.  
 To support my claim that multivariate statistical practices are the glue that 
integrates microbiology and ecology into microbial ecology, I focus on the micro-level 
inscriptions and actions involved in such practices.  As I have argued throughout the 
previous chapters, the integration of microbiology and ecology is impeded by the 
conflicting principles that structure lab work and field studies.  The genre of the 
ordination graph has developed as a way of negotiating the conflict between the lab and 
the field.  Multivariate statistical practices produce meso-level intermediary texts, such as 
the ordination graph on Olivia’s poster, that facilitate, at the macro-level, what Perelman 
and Olbrechts-Tyteca (1969) called “adherence” (a French-English cognate)—a basic 
foundation for any kind of argument.  “All argumentation,” Perelman and Olbrechts-
Tyteca wrote in The New Rhetoric, “aims at gaining the adherence of minds” (1969, p. 
14).  Such adherence is not simply granted prior to an argument, but facilitated through 
an audience’s engagement with figures—figures of speech or visual figures (see, for 
example, Fahnestock, 1999, pp. 40-42; Ceccarelli, 2001, pp. 31-37)—employed by a 
rhetor.  The audience must recognize these figures as contributing to a premise with 
which they identify.  Consequently, Perelman and Olbrechts-Tyteca emphasized the 
importance of attending to the relationships between rhetorical figures and rhetorical 
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invention because a rhetor must adjust her style based on what is typically accepted by 
the audience she wishes to engage.  This “essential link,” as Fahnestock puts it (1999, p. 
34), between rhetorical figures and invention is suggested by the cautionary observation 
on the “Statistics for Biologists” homepage that “too often [statistical analysis] is 
considered only after an experiment is completed, when it may be too late.”  In other 
words, statistical analysis must be built into the design of an experiment from the early 
stages onward.  In this chapter, I will show how multivariate statistical argumentation—
epitomized by the ordination graph she eventually created—shaped Olivia’s study from 
the outset. 
 
II. Methodology 
 During my study of the Klose Lab, I learned most about the role of multivariate 
statistical data practices in microbial ecology from Olivia.  Following Smagorinsky’s 
(2008) proposition that the methods section serve as the “conceptual epicenter” of social 
science research reports—and in keeping with one of the overall themes of this 
dissertation that, in any scientific endeavor, knowing and doing are inextricably bound 
together—I try to fully describe how I collected, reduced, and analyzed my data.  I then 
explain how analysis of those data led me to focus on Olivia’s statistical practices as 
especially worthy of further attention. 
 
Data Collection 
 I was able to accompany Olivia as she handled data at many different stages of 
her project, which provided observational data.  I collected texts and took photos along 
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the way.  I also interviewed her about what I had seen, heard, and collected.  Table 5.1 
outlines my data collection methods, the aims of those methods, the output, and how I 
analyzed each type of data.  I explain each method of data collection and analysis more 
fully below. 
Method Aims Output Analysis 
Observations Observe Olivia at 
work in the lab, in the 
field, and at meetings; 
gain etic insight into 
her day-to-day literate 
practices. 
~50 pages of hand-
written field notes; 
one hour of audio 
from a recorded 
“authorship meeting.” 
Research memo 
writing; 
comparative 
analysis. 
Interviews Compare Olivia’s 
impressions of her 
work with my own 
impressions of the 
same work; gain emic 
insight into her day-to-
day literate practices. 
~4 hours recorded 
interviews. 
Research memo 
writing; 
comparative 
analysis. 
Textual Artifacts Trace the genres 
Olivia employs 
throughout various 
stages of her work. 
Hundreds of textual 
artifacts collected and 
photos taken. 
Rhetorical genre 
analysis. 
Table 5.1. Data Collection Methods, Aims, Output, and Analysis 
 Observations. Observing Olivia at work in the field as well as in the laboratory 
gave me a sense of her day to day-to-day activities as she collected samples, processed 
them, turning them into data, analyzed that data, and eventually represented her data and 
framed it as part of her poster presentation.  I acted more as a participant-observer in 
many of the field and laboratory observations.  I generally helped with whatever tasks I 
could help with—tasks which involved little precision or scientific expertise—which 
gave me a tactile sense of the process.  In the field I helped with a number of manual 
data-gathering tasks, which I will detail later.  Around the lab, some of the tasks with 
which I helped included: labeling vials and hermetically sealed baggies to use in the field, 
	  133	  
helping search the biology building for lost equipment, and helping to filter water 
samples taken from the creek.  I also once proofread one of Olivia’s conference 
presentation proposals.  Of course, my lack of expertise kept me from participating in 
many tasks.  I was, for instance, unable to participate in the process of homogenizing 
filtered water samples by putting them in small falcon tubes, freezing them in liquid 
nitrogen, and shaking them vigorously to break them up.  Nor was I a participant when 
Olivia carefully measured very small and very precise amounts of phosphorous reactant 
onto a scale, nor when Olivia and an undergraduate research assistant used a powerful 
microscope to identify bacteria clusters in water samples.19   
 My on-and-off role as participant-observer was not a part of the original research 
plan, but Olivia and I established an ethic of reciprocity whereby my role took on the 
kind of “shape-shifting” quality for which Powell and Takayoshi (2003) advocate.  I 
found it a beneficial arrangement for my research as many of the tasks with which I 
helped gave Olivia and me chances to talk more about her work, and they gave me a 
sense of both the labor involved in scientific work and the culture of the Klose Lab.  
Perhaps the only downside to my sometimes-role as observer-participant was that I was 
unable to take as many field notes and photographs as I might have if I had simply been 
observing.  Immediately after the observation session, however, I transcribed what field 
notes I did write, making notations in the margins, and I wrote about as much as I could 
remember having noticed but was unable to write. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
19 These examples of work I was allowed, and not allowed to do, suggest both the mundanity of 
scientific work (labeling storage containers, looking for lost equipment) and the intricate craft of 
science.  This distinction is not lost on the people who work in the Klose Lab.  When Olivia was 
working with liquid nitrogen, for example, Caleb and Mark gathered around the fogging 
Styrofoam cooler of liquid nitrogen and Caleb remarked that Olivia “is doing real science.” 
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 I also observed two formal Klose Lab meetings.  One was a Lab update where 
everyone met to discuss their progress on their individual projects, and Dr. Klose 
conducted a PowerPoint-aided lecture on how to label data and organize it digitally.  
Multivariate statistical practices can result in many different kinds of texts, and simply 
keeping those texts organized and properly labeled can be a trying task.  Moreover, 
because those texts may be used in later experiments, they need to be labeled in a way 
that will be meaningful for future audiences.  The other meeting I attended was what 
Olivia referred to as an “authorship meeting” between herself, Dr. Dabany, and Dr. 
Klose. While the term “authorship” did not actually come up during this meeting, the 
discussion centered on who would be responsible for—viz., who would take authority 
over—which part of the project.  This was an important meeting in terms of aligning 
members of the Tinkers Creek project and shaping how they would present their research, 
and I will examine it in more detail below. 
 Interviews.  Along with all the informal shoptalk conducted in the lab and field, I 
conducted three interviews with Olivia, which ranged in duration from 30 minutes to two 
hours.  During these interviews I asked questions about what I had observed, read in the 
ecological literature, or discussed with other participants.  I transcribed our first interview 
verbatim, and for the later interviews and the authorship meeting, I first paraphrased 
interview data and later fully transcribed especially salient exchanges as I refined my 
research focus. 
 Textual Artifacts.  I collected textual artifacts during both observation sessions 
and interview sessions.  Olivia printed copies of some documents for me and brought 
them to these sessions.  Like Caleb, Olivia also had a habit of drawing pictures and 
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diagrams to help explain her work to me.  A few of these were sketched on a loose scrap 
of paper or a page of my field notebook.  Most were drawn on the Klose Lab’s large 
white board.  I kept the texts I could take with me, and I took photos of those I could not.  
I also took photos of the texts that were pasted to the walls in and around the Klose Lab.  
Olivia also granted me access to texts she was producing—including data tables, 
experiment protocols, and written reports and proposals— via sharing these files 
electronically/digitally through the web service Dropbox. 
 
Data Analysis 
 Perusing the files Olivia shared with me, as well as the transcripts from our 
interviews, I found that she spent much of her time engaged in multivariate statistical 
practices.  Interestingly, much of this actual work of making tables and graphs is not 
readily apparent in the observational data because it is work that Olivia conducted by 
herself.20  My research questions became, then: How do the material practices that I 
observed in the lab relate to the statistical representational practices that Olivia spends so 
much of her time on?  How are they coordinated?  Throughout the rest of this chapter, I 
intend to show that Olivia’s material and statistical practices are coordinated through 
micro-level processes of alignment and calibration.  These processes contribute to the 
production of meso-level intermediary texts that foster adherence and integrate 
microbiology and ecology. 
 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
20 That I did not observe Olivia actually doing the statistical work of working with her statistical 
processing program is perhaps a shortcoming of this study, but it was beyond my research scope.  
It is important for writing studies and rhetoric of science researchers to examine the work that is 
eventually rendered invisible, and unfortunately Olivia’s statistical practices remained largely 
invisible to me until late in my study.  I will address this shortcoming in Chapter Six. 
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III. Results 
 In this section, I will discuss the connection between the figure of the ordination 
graph featured in Olivia’s poster with her process of invention.  This process began at the 
preparation phase of her study and continued through the data sampling, data processing, 
and data analysis phases.  During these phases, Olivia worked with her collaborators 
(including other Klose Lab scientists, undergraduate assistants, and me) to align us all 
according to the objectives of her project, and by extension, the objectives of the Klose 
Lab and the discipline of microbial ecology.  I describe Olivia’s work in detail, focusing 
on the shifting assemblages of people and tools involved in her work, in order to 
demonstrate how she established sociotechnical order in different sites of practice. 
 
Preparing for Fieldwork, Preparing Arguments 
 Preparation for collecting samples is no small task.  I met with her to help on the 
day before she would take her first trip out to Tinkers Creek to collect material samples 
and physiochemical data.  Preparation involved (see Appendix D, Figures D.1-D.4): 
• sterilizing all the equipment that would eventually be used to process the samples; 
• labeling Whirl-Pak bags and falcon tubes with the date, site number, and replicate 
number to index the sample it would eventually contain; 
• filling falcon tubes with carefully measured amounts of formaldehyde for later 
use; 
• packing ice into the coolers in which the samples would be temporarily stored; 
• ensuring that the instruments she would be using are calibrated and ready for use . 
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All of this preparatory work—most of which is done over two days leading up to the 
excursion into the field—is meant to keep things running smoothly in the field.  In small 
but important ways Olivia is preparing to bring some of the orderliness of the laboratory 
with her to the field.  To keep track of everything she would need, Olivia composed a 
checklist, which she replicated on the whiteboard (see Appendix D, Figures D.4 and D.5).  
She also drew a diagram on the whiteboard representing each sample site to help her 
visualize which bank of the creek corresponded to which rep number at each site relative 
to the direction of the flow.  She sketched this diagram onto the notebook she would take 
with her to the field (see Appendix D, Figure D.6). 
 It is important to remember, as Livingstone (2003) argues, that the field is not 
“simply a site that just ‘is there,’” but instead “is constituted by academic projects and 
narratives.  Its existence as a scientific site depends on the stories scientists tell about it” 
(p. 47).  Dr. Dabany chose the seven sample sites because the US Geological Survey 
(USGS) previously conducted a similar study of them (Tertuliani, Alvarez, Furlong, 
Meyer, Zaugg, and Koltun, 2008).  The USGS study aligns closely with Dr. Dabany’s 
interests in analyzing microbial resistance to pharmaceuticals.  Olivia, who is interested 
in heavy metal resistance among microbial communities, told me she does not see the 
USGS study as especially relevant to her own work; however, because she and Dr. 
Dabany were studying the same sites that the USGS researchers studied, she recycled the 
USGS report’s map (see Appendix D, Figures D.7 and D.8). 
 I include this preparatory work to demonstrate that, even at this early stage, 
calibration and alignment have already become crucial.  Inscription apparatuses must be 
calibrated, and goals for how this project might progress—however vague they might 
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be—are aligned based on personal interests and competencies and the broader integrative 
exigencies of the Klose Lab and the discipline.  Although Dr. Dabany and Olivia cannot 
say with much certainty what kinds of arguments they will end up making about their 
sample sites, they have prepared to take a number of physicochemical measurements that 
can be translated into variables in multivariate statistical analysis.  In other words, they 
may not yet know what they are going to argue, but they know they are going to make 
their argument via multivariate statistics. 
   
Calibration and Methods Standardization in the Field  
 Collecting samples meant wading into Tinkers Creek, and two relatively 
unpolluted reference streams, to collect material samples and measurements.  I 
accompanied Olivia, along with two or three other volunteers from the Klose Lab, on two 
of these trips out into the field.  We loaded up our cars with measurement tools and 
containers in which to store the samples for their trip back to the laboratory, and we 
drove to the first site (which was actually Site 7—we started from the most distant site 
and worked our way back toward Site 1) to take measurements and samples.  Sites 7 and 
6 were both reference sites from other relatively non-polluted tributaries.  The 
information gathered there would be compared against the information gathered from the 
other five sites. 
 Upon arrival at each site, we each put on a pair of waders and a pair of latex 
gloves.21  We then divided up the labor.  Usually Olivia or one of her colleagues from the 
lab would measure turbidity and flow using an instrument called a flowmeter.  Another 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
21 Again, the latex gloves are a means of bringing the orderliness of the lab to bear on the work 
conducted in the field. 
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person would measure the depth of the water using a yardstick.  The measurements were 
called out to Olivia who recorded them in a small, yellow, waterproof notebook (see 
Appendix D, Figure D.9).  Other than my own scribbling of a few notes here and there, 
this was the only pencil-and-paper writing that went on in the field.  Other inscriptions 
included readings taken from the flowmeter, which produced numbers on a digital 
display (see Appendix D, Figures D.10 and D.11).   
 The rest of us gathered material samples of water or sediment from the creek bed, 
or we gathered small rocks or sticks from the creek bed.  We took three “reps” 
(replicates) of each kind of sample from each site—one from near each bank of the creek, 
and one from the center.  We sealed the rocks or sticks and the sediment samples we 
collected in the hermetically sealed whirl packs we had labeled with the site number and 
rep number.  The water samples were sealed up in plastic falcon tubes.  The first time I 
went into the field with them, we also retrieved from the creek bed small ceramic tiles in 
orange mesh bags that Olivia had left the time before to collect biofilm samples.  At 
many of the sites, however, we could not locate one or more of the bags of tiles—they 
had either been swept away, covered with sediment, or Olivia could simply not remember 
where she had placed them—so we abandoned the task of looking for them.  Olivia 
decided she would collect biofilm samples from the rocks and twigs instead. 
 Our activities in the field required a kind of on-the-fly calibration on Olivia’s part.  
At each site, she had to adjust for the kinds of contingencies that are endemic to field 
studies.  Let me elaborate upon this with an example from a post-observation memo that I 
wrote after our second trip out to the field: 
At site 5, I am tasked with collecting biofilm “reps,” which in this case is 
scientific shorthand for “replications.”  Olivia hands me a baggy that she has 
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labeled “T.C. S5R1” (which stands for “Tinkers Creek Site 5, Rep 1”) and she 
instructs me to fill it with rocks from the creek bed.  I ask her how many rocks per 
bag, and she tells me four or five or six, depending on how large the rocks are.  I 
must have shown my uncertainty because she tells me I should just aim to fill the 
baggy up about halfway.  I am very conscious of my lack of training in anything 
scientific—which is to say that I have no scientific training whatsoever—and so I 
am very careful about which rocks I select to put in the baggy.  As I pull each 
rock from the riverbed, I turn it over in my hand and inspect it.  But what am I 
inspecting it for?  What do I know about rocks?  Nothing.  Earlier this morning I 
caught a few brief glimpses of the rocks Olivia, Caleb, and Steve gathered from 
previous sites, so part of my inspection involves making mental comparisons 
between the rock in my hand and the rocks I had sort of seen earlier.  I also know 
that Olivia will be scraping biofilms off each of these rocks, so another part of my 
inspection involves feeling for a sort of sliminess that I think might indicate a 
useful biofilm sample.  What do I know about biofilms?  Again, nothing.  Yet 
another part of my inspection involves my thinking about what a typical Tinkers 
Creek rock looks like.  I toss aside rocks that I think look too red, too gray, too 
flat, too round, too pebbly, too anything.  I toss aside rocks that seem to have 
different mineral compositions than most of the other rocks. What do I know 
about mineral compositions?  Answer:  You guessed it.  I toss aside the rocks that 
I find to be, for whatever reason, deviant as compared to the other rocks in the 
creek bed.  Never mind that I have no idea what a non-deviant rock might look or 
feel like.  I am taking a long time to fill a small plastic baggy half-full of rocks, 
and Olivia seems to notice.  She calls for my attention from the near side of the 
creek and says to me, simply, “Pick, don’t choose.”  After letting those 
instructions sink in a bit, she adds: “If that makes any sense.”   
And it does make sense.  Somehow.  But how?  
 
The situation I describe above is reminiscent of Star and Griesemer’s (1989) 
account of “methods standardization” between the director of the Berkeley Museum of 
Vertebrate Zoology, Joseph Grinell, and the amateur collectors—hunters and campers 
with little to no scientific experience—whom he mobilized to help him gather specimens 
for his exhibits.  Grinell had to ensure that the amateur collectors were bringing him 
specimens that were of a certain quality, and that were collected according to certain 
standards common to his discipline.  In other words, the specimens had to meet 
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disciplinary standards for reliability and validity.  However, Grinell could not make his 
instructions so onerous that they would interfere with the already onerous task of 
camping and trapping wildlife.  “Another way of saying this,” Star and Griesemer write, 
“is that the allies enrolled by the scientists must be disciplined, but cannot be overly-
disciplined” (1989, p. 407).  Grinell took into account the social world in which his 
amateur collaborators lived, and so, to effectively enroll them in his work, he calibrated 
his methods so the amateurs could continue to collect specimens for the museum “in such 
a way that their pleasure was not impaired—the basic activities of going on camping 
trips, adding to personal hobby collections and preserving California remained basically 
untouched” (Star and Greisemer, 1989, p. 407).  Like Grinell, Olivia is tasked with 
standardizing methods across levels of disciplinary expertise with an amateur (me), and 
her simple protocol for gathering biofilm samples—“Pick, don’t choose.”—is a way of 
disciplining me without over-disciplining me.  However, while Grinell’s methods 
standardization “allowed both collectors and professional biologists to find a common 
ground in clear, precise manual tasks” (Star and Greisemer, 1989, p. 407), Olivia’s 
methods standardization accorded us common ground in vague, imprecise manual tasks.  
Consider the imprecision of Olivia’s instructions to me alongside the EPA’s extensive 
protocols.  Nowhere in the EPA protocols do we see reference to picking versus 
choosing.  This is because the EPA protocols are geared toward the production of an ideal 
disciplinary social order.  Olivia’s improvised protocols are geared toward an ad hoc 
social order that involves undisciplined amateurs such as myself. 
 Once we carted them back to the laboratory, we unpacked the samples from the 
coolers to undergo processing.  Some of the samples required immediate processing.  
	  142	  
Some were stored in freezers for later processing.  Olivia drew on protocols specific to 
the Klose Lab that detail how to go about conducting one form of processing or another.  
Other Klose Lab workers wrote these protocols, and they are kept in a database that 
scientists can access when they need them.  Work in the laboratory took on a markedly 
different social dynamic.  During processing, interaction was kept to a minimum.  Olivia 
stationed us at separate workbenches, and, save for the music playing from Caleb’s or 
Mike’s computers, we worked in silence.  Livingstone notes that the differences between 
the social dynamics of the lab and the field are defining features of each site of practice: 
“The variegated nature of the field’s dynamic human geography makes for an unstable 
network of social relations.  The field thus discloses precisely the kind of sociology that 
the laboratory seeks to escape, with its formal and informal disciplines geared to 
maintaining stability” (2003, p. 42).  He elaborates: 
In these and other ways, the field is a space where the structures of social life are 
at once reproduced and destabilized.  The ambiguities of presence and absence are 
also significant here.  Take, for instance, the involvement of amateurs in field 
sciences.  Although they are fundamental to everything from archaeological digs 
to botanical surveys, their presence has been regarded as cognitively 
compromising by those promoting the supposed rigor of laboratory standards. (pp. 
42-43) 
Picking, instead of choosing, is a way of dealing with the presence/absence problem.  I 
was present, certainly, in the field.  But if I did not exercise my untrained judgment in 
any way while collecting samples, it would be as though I were absent—as though I were 
simply an unthinking, rock-picking instrument. 
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Calibration and Methods Standardization in the Microscopy Lab 
 Back in Plymouth Hall—between my first and second trip out to the creek—I 
observed Olivia as she trained Dave, an undergraduate lab assistant, to measure biomass.  
Measuring biomass involved looking at sediment samples that were stained using DAPI 
(which is an acronym for “4’, 6-diamidino-2-phenylindole”) causing the bacteria in the 
sample to fluoresce and become visible under a microscope.  The microscopy 
equipment—a high-powered digital microscope connected to a computer equipped with 
MetaMorph microscopy automation and image analysis software22—is kept in its own 
room in the building.  Dave sat at the microscope, peering into the eyepiece, and Olivia 
stood next to him, watching the image on the computer monitor that looks like a black 
and white image of a starry night sky (see Appendix D, Figures D.12 and D.13).  “See 
those white specks?” Olivia asked me, referring to the star-like smatterings of brightness.  
“Those are bacteria.”   
 Dave adjusted some knobs and the image blurred as the microscope lens moved 
across the sample.  He stopped adjusting whenever he found a particularly dense cluster 
of bacteria, or whenever Olivia told him to stop.  If Olivia decided the image contained 
enough contrast between the fluoresced bacteria and the background, she clicked a button 
on the screen labeled “Capture,” and MetaMorph snapped a picture.  They worked 
together in this fashion for a few hours, with Olivia making the final call on what was 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  22	  MetaMorph is described on its website as “the ideal ‘glue’ for easily integrating dissimilar 
fluorescent microscope hardware and peripherals into a single custom workstation, while 
providing all the tools needed to perform meaningful analysis of acquired images” (“Metamorph 
Microscopy Automation,” 2015).  It is interesting that the manufacturer promotes its product as a 
model, and facilitator, of integration.  Integration, it seems, is built into the very tools microbial 
ecologists use.	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“captured” each time, and gradually they picked up the pace as Dave grew more 
accustomed to recognizing a useful image. 
 Samples, like those we collected from Tinkers Creek, are translated into data via 
certain practices that follow some kind of script, and, as Mol (2002) reminds us, scripts 
that are staged differently are performed differently.  In both the field and the lab the 
script calls for Olivia to play the part of the expert with trained vision overseeing the 
novices.  In the field, we were constrained by time and space—we did not want to spend 
all day wading through a cold creek, and Olivia was not able to look over my shoulder to 
verify each rock I picked up—so Olivia was forced to rely on my untrained, unmediated 
vision.  In this case, picking was good enough.  In the relatively comfortable lab, on the 
other hand, the staging included air conditioning, a powerful microscope, and a 
computer-imaging program that helped her to see fluoresced bacteria, and so the 
enactment of the script allowed for careful choosing under her close, trained, supervision.  
In the field, we picked our data; in the lab, we chose our data. 
 Months later, Olivia told me that the biomass data had little significance to her 
final analysis.  Nevertheless, the “Methods” section of her poster includes a bullet point 
that reads “Bacterial enumeration was done by staining cells with 4-6-Diamidino-2-
phenylindole  (DAPI) followed by visualization on an epifluorescent microscope. Data 
was analyzed using Metamorph.”  Ultimately, on her poster, the practice of bacterial 
enumeration existed on the same graphic space as, and adjacent to, the other data 
practices even if it did not contribute to her conclusions. 
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Figure 5.3. Olivia’s methods section and its location on her poster (smaller left). 
But why include the bacterial enumeration if it did not contribute to the findings?  I will 
discuss this in more detail later, but the short answer is because the poster is not only 
meant to function solely as an argument for Olivia’s conclusions; it is also meant, in part, 
to demonstrate what Olivia is capable of. 
 
Authorial Alignment 
 Between her second and third excursions to the watershed to gather more 
samples, the group working on the Tinkers Creek project came together for what Olivia 
called an “authorship meeting.”  Dr. Klose, Dr. Dabany, and Olivia all met one morning 
to discuss what had been done up to that point and how they might shape their data. 
 Authorship was partially determined by the researchers’ personal interests.  Dr. 
Klose called the meeting to order and began by clarifying Olivia’s and Dr. Dabany’s 
research interests.  “We’ve had a chance to talk individually about the project,” Dr. Klose 
began, “but we haven’t talked about it that much together.”  Dr. Klose took this 
opportunity to talk about the project together to do some alignment-work.  She began by 
talking to Dr. Dabany. 
	  146	  
A potential idea would be you [Dr. Dabany] take Olivia’s samples that she 
extracted the DNA from, and you use them for the idea that you had—to look at 
the antibiotic resistance. 
 
She then turned to Olivia: 
So you (Olivia) are really interested in metal resistance.  Antibiotic resistance can 
be correlated with metal resistance, but you’re not writing about looking at 
antibiotic resistance at this point.  
 
Dr. Klose suggests here at the outset that the samples would need to be processed and 
analyzed in a way that could contribute to each of these dissimilar studies.  How this 
might be accomplished will be a primary topic of the rest of this meeting.  
 After Dr. Klose established how the samples fit into Dr. Dabany’s and Olivia’s 
research interests, Dr. Dabany took the floor to discuss potential directions.   
I was kind of thinking, on my end, and seeing where we really want to head with 
this.  And the good thing about the samples that you got is that, once DNA is 
extracted, a lot of things can be done.  You don’t have to do just one thing.  We 
can do several things with one sample. 
 
Dr. Dabany referenced a table in the USGS report detailing the different kinds of 
pharmaceuticals that were found to be present in Tinkers Creek (see Appendix D, Figure 
D.14).  He pointed specifically to Acetyl-hexamethyl-tetrahydro-naphthalene (AHTN), 
noting that, because it affects fish reproductive systems, “that compound also seems to be 
something that can be of good interest. . . . Though I don’t know how we could use it.”  
Although they have not yet analyzed the data to determine what antibiotics, if any, are 
present in the samples, Dr. Dabany was beginning to think about how they might make 
findings compelling.  He was also beginning to think about contingency plans should the 
data not produce the findings they expect based on the USGS report:  
Let’s assume that we don’t find the . . . resistance that we are looking for, and—I 
don’t know if I should say—we’re hoping for. [Laughter]  I don’t know if I 
should say that.  That’s not something good.  But if it’s there, you know, we hope 
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we would see that.  But what if it’s not there.  Well, if we only think about those 
antibiotics—well, that’s the end of it. 
 
Considering these possibilities, Dr. Dabany suggests that Olivia performs DNA 
extraction to look for genes for various factors of resistance to various compounds. 
 Authorship was also determined by professional exigencies, such as Dr. Dabany’s 
need to publish work quickly.  He addressed this exigency quite clearly: 
. . . to be honest with you, right now I am very paper-oriented. [Laughter]  Right 
now I'm very paper-oriented, so I don't want to waste time with something that is 
not going to . . . It's maybe a shame to say that, but that's the truth.  I don't want to 
spend time on something that is not going to lead [to] a paper.  And from your 
[Olivia’s] perspective I think that it's also the best way to go. 
 
Considering Dr. Dabany’s need to publish an article—and sooner rather than later—Dr. 
Klose designated him “the lead on this paper,” and suggested that “the two of us [herself 
and Olivia] be included, too, for our intellectual and your [Olivia’s] physical contribution 
to it.”  This was the extent to which authorship, in the conventional sense of the term, was 
discussed:  Dr. Dabany would be listed as primary author on their future article, Olivia 
would be listed as second author, and Dr. Klose would be listed third.  This designation 
of authorship order is a seemingly perfunctory act of alignment; it only took a few 
seconds out of a meeting lasting an hour-and-a-half.  But it drew together considerations 
of who needed the most institutional credit, who performed the most physical labor, and 
who would be responsible for what aspects of the project in the coming months.  This act 
of authorial alignment evokes Bagioli et al.’s (1999) analogy likening authorship to a 
coin, the two sides of which are credit and responsibility. 
 Having established the intrinsic authorial alignment for the group’s future paper, 
Dr. Klose swiftly transitioned into a discussion of how they might analyze their data—a 
discussion that would establish how the group might extrinsically align itself with other 
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research.  She offered two potential directions for analysis:  They could either 
quantitatively measure the presence and absence of certain antibacterial-resistant genes in 
bacterial communities in the study sites relative to those in the reference streams, or they 
could qualitatively describe the sequences of the resistant genes in each site.  Dr. Klose 
noted that the first option—the quantitative option—“is much more relevant than the 
sequence because I get the feeling that the sequences would be really similar.”  
Moreover, the qualitative option would require more work on their part.  Whereas 
quantifying and comparing the relative presence/absences of resistance genes among 
sample sites would allow the group to find already established primers and protocols 
from The Literature, sequencing their samples would require them to make their own 
primers and protocols, which is an intensive project.  Ultimately, Dr. Klose determined 
that they should not attempt to analyze the data in a way that, in her words, “could take 
six months or a year, or it could take forever!” 
Dr. Klose: There’s nothing with those kind of papers, but it would be so much 
easier just to get a procedure that someone’s done, get some good positive 
controls, email them if it doesn’t work—they could tell you how to tweak it, or 
something—and then you’re good to go. 
 
Authorial alignment thus extended outside the project itself as the project would be 
partially determined by the labor of those who have come before, and as the Tinkers 
Creek project aligns itself with those other researchers. 
 With the intrinsic and extrinsic alignment established, the group discussed the 
prospects for the stories they might tell with their data.  This discussion took place largely 
with Dr. Klose leading a fast-paced brainstorming session where she quickly suggested a 
number of possible stories they might tell with their data: 
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Dr. Klose:  If we have a study where you said, ‘I found these antibiotic resistance 
genes, here’s their quantity, it did or didn’t differ among the sites,’ that’s a paper.  
Is it a paper that changes the world?  No.  But it is a paper, darn it.  [Laughter]  
Then throw in some fancy statistics to see if they’re . . . And I think other things 
beyond that would probably depend upon the results of this first part. [. . .] So I 
guess my suggestion would be to think about it as a discrete paper, and I think 
naturally what will be the next step will emerge.  Because it would be hard to 
predict what it would be.  So if you have a paper where you said, ‘I’ve looked at 
these various antibiotic resistance genes, I’ve found them or I didn’t find them, 
and the quantity differed or was the same among sites,’ That’s a contribution, I 
think. 
 
Olivia: And if you incorporate how that might correlate to land use around that 
site . . .  
 
Dr. Klose:  Yeah.  And then you do the crazy statistics and you’re done! 
[Laughter]  Basically, looking at it [like], ‘the antibiotic resistance gene quantity 
was related to this,’ or trying to look at it [like], ‘pair-wise comparison upstream 
and downstream of the sewage treatment plant,’ or, ‘multivariate statistics with 
the environmental data to see . . .’ you know.  And is it different among the two 
dates?  Don’t forget that one!  [Laughter]  So, ‘flooding increases the resistance of 
antibiotic resistance genes.’  There you go!  I don’t know if the results would 
show that.  Or, ‘flooding does not influence it!’ 
 
The above exchange, transcribed as it is, may make it seem that Dr. Klose does not take 
statistical analysis seriously in her suggestions that Dr. Dabany might simply “throw in 
some crazy statistics,” or that he might simply, “do the crazy statistics and you’re done!”  
But I interpret her tone as ironically suggestive of the fact that statistical analysis is 
crucial and somewhat arduous.  I believe her suggestions are meant to remind Dr. Dabany 
of the variables with which he can tell an ecologically meaningful story about his 
microbiological data.  These variables include human-environment interactions (Olivia’s 
initial suggestion regarding land use), and effects of urbanization (Dr. Klose’s suggestion 
regarding the sewage treatment plant).  Another important variable includes the recent 
flooding in Tinkers Creek due to Superstorm Sandy, which had passed through the region 
between the first and second trip out to collect samples (“Don’t forget that one!” Dr. 
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Klose joked).  While the statistical analysis would not be performed until the data had 
been processed, the entire process of collecting samples and measuring these variables 
made this kind of statistical analysis possible.  Multivariate statistical analysis was not an 
afterthought in the design of the Tinkers Creek project.  It was integral to the project from 
the beginning. 
 In sum, the authorship meeting was an important opportunity for Olivia, Dr. 
Dabany, and Dr. Klose to align themselves in a certain authorship configuration that 
would shape how the samples would be translated into microbial data.  And, furthermore, 
it allowed them an opportunity to begin thinking about how those microbial data, along 
with the physicochemical measurements taken at each site, might tell a compelling 
ecological story. 
 
Integration Through Statistical Storytelling  
 The Tinkers Creek project authorship meeting provided many possible avenues of 
interpretation for the data.  To process this data, Olivia used a technique called terminal 
restriction fragment length polymorphism (T-RFLP) to examine the microbial 
community composition to determine if it changes at different sites along the 
watershed—to determine, for example, if bacterial communities in an urbanized area are 
dissimilar to those in an agricultural area.  This involves processing samples using 
polymerase chain reaction (PCR) to amplify DNA and digesting those DNA with 
restriction enzymes, which separate a specific area of four specific DNA codons.  A high-
throughput capillary sequence machine then determines fragment lengths of different 
strands of DNA.  Different fragment lengths indicate different individual operational 
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taxonomic units (OTUs).  Olivia referred to this work as “fingerprinting” the microbial 
community.  All of this molecular biology work was geared toward simply identifying 
what types of microbial taxa are present in various sites along the watershed. 
 Olivia then analyzed that microbial data using statistical tools.  She mentioned in 
an interview that one of the most important tools for her analysis is the statistical analysis 
program R.  She was more familiar with the statistical analysis program SAS, but, unlike 
R, it is far from free, and even if she were able to acquire it on a laboratory computer, she 
would not be able to take it with her.  Moreover, because R is freeware, there are many 
packages available online from which she can choose to analyze her data in specific 
ways.  The drawback, however, to using R is that Olivia is unfamiliar with the coding 
language.  She knows what kinds of statistical analyses she wants to use, but she has to 
devote a large amount of time to learning how to perform those analyses with R. 
 As she showed me some work she has been doing in R, Olivia noted that 
identifying taxa accounted for the microbiological portion of her project—it is the part 
that answers “the most basic question,” as Dr. Klose put it during the authorship meeting, 
which is “are they there?”  The ecological portion of her project, Olivia explained, is the 
story she tells about the significance of quantitative differences in those taxa over time.  
She showed me that, at one point in the process, the taxa were represented as a kind of 
heat map-like grid of differently shaded cells.  I recognized this representation from other 
microbial ecology articles I had read, so I asked if such representation was the norm for 
presenting research.  Olivia told me no, that such representations were considered “old 
school.”  I asked what kind of representation she considered most persuasive to a 
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contemporary audience, and she showed me the ordination graph she had created for a 
poster at an upcoming research symposium: 
      
Figure 5.4. Olivia’s results and conclusions section and its location on her poster. 
Much of Olivia’s work revolved around this graph, which indicates to me that this is a 
figure that accomplishes some important rhetorical work. 
 But for this graph to make the kind of meaning Olivia wants it to make, its 
enactment must be properly staged.  It is staged in two levels of organization, as a kind of 
play-within-a-play: on one level, it is staged on the same graphic space as the other texts 
in the poster; and, on another level, the graph (as a part of the poster) is staged as part of a 
presentation.  The second level of staging (the presentation) eventually took place at a 
conference center during a research symposium, but for the figure to attract an audience 
at the research symposium it has to contribute to a story that would be of interest to such 
an audience, which is where the first level of staging comes into play.  Prior to the 
symposium, Olivia told me she expected her audience to include people from private, 
governmental, and university laboratories, all of who might be beneficial to her future, 
and she wanted to show them that her motivations were aligned with theirs.  One of 
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Olivia’s goals is to work for an industry or a government agency, and she expected that 
these people would constitute her audience—if she can constitute them, that is. 
 Olivia’s poster was one of many in the symposium.  It was among the posters that 
lined the hall outside the ballroom in the conference center where the symposium 
presentation panels were held.  The posters ranged in topics from water conservation in 
urban design and architecture to socio-linguistic analysis of climate change denial.  
Attendees clustered around posters briefly while the authors of those posters curated their 
reading.  Olivia stood next to her poster most of the evening, but very few people came 
by.  Very few people really spent very long admiring any poster.  Mostly, people strolled 
around—sometimes in small groups—and talked among themselves. 
 Olivia’s ideal audience, as she envisioned it, wanted to see that she was capable of 
producing an ordination graph, and they wanted a story about what those distances 
between points in her ordination graph signify.  This ideal audience wanted to know 
where those differences came from, how they were measured, and what they might 
indicate.  Hence, as Olivia explained to me, the OTUs—the little red points on her 
graph—are not the most important things.  They do nothing on their own, but their 
relationships to other data are what make them significant and worth a story.  So the 
figure is framed in that story, and together they constitute Olivia’s poster. 
 Olivia’s understanding of the importance of storytelling to explaining significance 
of multivariate statistical charts is backed up by The Literature.  In “Multivariate analyses 
in microbial ecology,” Alban Ramette (2007) writes:  
 The basic aim of ordination and cluster analysis is to represent the  
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 (dis)similarity between objects (e.g. samples, sites) based on values of 
 multiple variables (columns) associated with them, so that similar objects are 
 depicted near from each other and dissimilar objects are found further apart 
 from each other. Exploratory multivariate analyses are thus useful to reveal 
 patterns in large data sets, but they do not directly explain why those 
 patterns exist. (p. 145) 
This explanation of the dissimilarities represented as distances between points is the story 
that Olivia needs to tell. For Olivia’s work to contribute to the Klose Lab’s goal of 
integrating microbiology and ecology, the taxa and the story about the taxa must cohere.   
 Olivia’s poster accomplishes this coherence by graphically linking what McIntosh 
(1985) referred to as the “concrete community”—which is “only one step removed from 
the ecologists’ senses”—and the far less immediately sensible “nebulous cloud of points 
in multidimensional space.”  There is no microbial “concrete community” that is sensible 
to any microbial ecologist, however.  What is sensible are the “study sites” from which 
she drew her samples, so Olivia includes in her poster—just to the left of her ordination 
graph—photographs of these sites and the map of the watershed recycled from the USGS 
report (see Figure 5.5). 
    
Figure 5.5. Images of Olivia’s study sites and their location on her poster. 
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These study sites were, of course, sensible when we were standing in them, and what was 
sensible informed Olivia’s project.  On her first trip out to site R2, for example, Olivia 
noticed a small island of large rocks clustered in the middle of it, but on her second trip to 
site R2 (which I was a part of), the rocks were almost entirely subsumed.  This change in 
water level posed a problem because Olivia had placed her tiles near certain prominent 
rocks.  We could not see the rocks, which made it difficult to find the tiles.  The change 
in water level also shaped Olivia’s research because it indicated to her that the weather 
event that had caused the rise—Superstorm Sandy—could offer a good story in which to 
frame her findings.  The multivariate statistics and the ecological storytelling—which she 
would combine to make a microbial ecology argument—became integrated very early in 
Olivia’s research. 
 
IV. Analysis & Discussion 
 This chapter has detailed Olivia’s work on the Tinkers Creek project leading to 
her ordination graph and her poster presentation.  This process was coordinated according 
to standards of multivariate statistical analysis, but the differently situated enactments of 
these standards required calibration and alignment. 
 During the preparatory stage of the study, Olivia calibrated the inscription 
apparatuses she would be using, and she aligned her own interests with Dr. Dabany’s, 
who had already aligned his goals with those of the USGS.  This alignment was textually 
mediated by protocols disseminated by disciplinary standard bearers and adapted for 
specifically situated use in the Klose Lab.  As Lynch (2002) has observed, these standard 
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protocols, when put into practice, are not as standard as their name suggests.  Likening 
protocols to recipes, Lynch writes, “though presented as a discrete protocol, the recipe 
situates itself in the midst of an assemblage of competencies, materials, and other 
procedures” (2002, p. 206).  As the Tinkers Creek group discussed during their 
authorship meeting, the primers and protocols they would use would necessitate some 
“tweaking” to work within their assemblage.  This tweaking varied as Olivia moved 
between differently situated pragmatic regimes of engagement—as she moved, that is, 
between the lab, the field, the Plymouth Hall meeting rooms, and the site of the research 
symposium.  
During the sample collection phase of the study, Olivia was tasked with 
organizing the activity of her team—a team made up of colleagues and amateurs.  
Written protocols were not viable at this stage, so her instructions were delivered 
verbally, and she managed to simplify disciplinary standards for collecting representative 
samples in directives such as, “Pick, don’t choose.”  To enlist me as a co-participant in 
her study, Olivia needed to calibrate my activity in a way that disciplined me without 
over-disciplining me.  When she worked with other microbial scientists in training, such 
as Dave, they calibrated their activities in more precise ways.  The precision of this 
calibration depended in part on the staging in which it took place.  Whereas “pick, don’t 
choose” was an appropriate way of calibrating our activities in the creek, the calibration 
in the microscope lab was more nuanced and disciplined.  As she processed her samples, 
turning them into data points, and then analyzed those data, Olivia continued to do so in a 
way that would align and realign her study with Dr. Dabany, Dr. Klose, and other 
microbial ecology projects.  Most of this kind of work is conducted tacitly, but the 
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authorship meeting made it explicit as they sorted out the specifics of their authorial 
alignment. 
 Ultimately, Olivia drew together the work she conducted in the lab and the field 
in a single graphic representation.  Her ordination graph shows that changes in the 
environmental factors she measured in the field before and after Superstorm Sandy 
significantly altered the bacterial communities she had “fingerprinted” via laboratory 
microbiology techniques. Olivia’s ordination graph functioned as the glue linking 
microbiology and ecology.  It also functioned as an intermediary text that would mediate 
her engagement with the scholarly and professional ecological community.  In a recent 
study, Nadine Levin (2014) argues that multivariate statistics are central to performing 
post-genomic biomedical research in metabolomics.  “Multivariate statistical practices,” 
Levin claims, “showcase metabolomics’ conceptual, methodological, and 
epistemological commitment to biological complexity” (2014, p. 571, emphases in 
original).  As her use of the term “showcase” suggests, Levin’s study theorizes statistical 
practices as performative.  Olivia’s poster, which showcases her own conceptual, 
methodological, and epistemological commitment to biological complexity, is similarly 
performative.  Levin notes that “[t]he entanglement of data practices and complex 
understandings of biology can . . . be generalized more broadly to other areas of research 
in which multivariate statistical practices are also central” (p. 570).  Multivariate 
statistical practices are currently central to microbial community ecology whose 
practitioners—like the metabolomics researchers who Levin studied—employ them to 
“showcase” their own “conceptual, methodological, and epistemological commitments to 
biological complexity.”  Complexity is very present Olivia’s graph.  Crammed into that 
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ordination space are 113 distinct microbial taxa found in 42 samples taken in three reps 
from each of seven sites along two streams across two months.  The ordination graph and 
the poster in which it is embedded showcase, in Levin’s words, Olivia’s “conceptual, 
methodological, and epistemological commitments to biological complexity.”  
 Caleb’s and Olivia’s case studies show us two different functions of graphic 
visualizations as they relate to calibration and alignment in microbial ecology.  Whereas 
Caleb’s graph calibrated the work between the laboratory and the field, Olivia’s graph 
was the product of such calibration.  Although their graphs were central to their work, 
Olivia’s was meant to be showcased in a way Caleb’s was not.  Caleb’s sigmoid curve 
was meant to serve as a means of calibration and alignment, and the visualization would 
effectively disappear once it had served its purpose.  Olivia’s ordination graph, on the 
other hand, was displayed prominently on her poster, as it showcased her competencies in 
and commitment to multivariate statistics.  Such showcasing is aimed at gaining the 
adherence of an audience of microbial ecologists who share this commitment and share 
an understanding of the work that goes into creating an ordination graph and framing it as 
part of an ecological argument.  This work involves collaborating with others across 
levels of disciplinary expertise, aligning motives and calibrating standards.  Although 
much of this work is effectively rendered invisible in the end, it all contributed to Olivia’s 
poster in significant ways.   	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Chapter Six 
 
Conclusions, Implications, and Directions for Future Research 
 
I.  Introduction 
 After one of my earliest observations of work in the Klose Lab, during which I 
helped Olivia find some supplies she needed for the next day’s trip out to the field to 
collect samples for her project, I wrote the following memo: 
She [Olivia] was somewhat frantically (she emphasized her confusion) moving 
around Plymouth Hall gathering materials from offices and labs.  Labs full of jars 
of dead crustaceans and fish, tanks of tepid water, dirty floors, tools and 
instruments scattered everywhere.  Biology is messy!  I tried to help her find a rod 
she needed to anchor a sensor in place in the river (see picture of instruction 
manual).  We couldn’t find it, so she said she thought another, more simple rod 
with a bend in one end would do the trick.  Said she wouldn’t even collect the 
data if it was going to be suspect (if the sensor wobbled it wouldn’t get a firm 
reading.) 
 
There are glass cases all over the building with taxidermied animals (foxes, ducks, 
etc.) lining the halls.  There are also beakers in these cases.  They display 
scientific processes (labs) and natural processes (natural world) in one place, but 
in separate cases.  Maybe a reminder of what’s at stake in the work they do—a 
reminder of the causal connection.  Same sort of pattern with the murals on the 
walls.  Very few people in the halls.  Lots of office detritus—journals, broken 
computers and chairs.  So much detritus that things that are clearly not garbage 
(like the very new looking sub-80 freezer) have to be labeled DO NOT THROW 
AWAY.  Science is messy! 	  
I include this excerpt to demonstrate my surprise at witnessing firsthand the 
messiness in which scientists work.  Biology and ecology are heterogeneous enterprises 
with heterogeneous objects.  Some of these objects are local and particular—rivers, fish, 
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leaves, and communities of microbes.  Some of these objects are global—water and the 
carbon cycle.  Since writing this early observation, I have come to realize that the 
messiness of scientific work is not exactly newsworthy to the people who study such 
work.  As I continued to spend time with my participants, and as I continued to read 
about and from their discipline, I became less interested in describing the mess of 
microbial ecological practice and the expansive heterogeneity of microbial ecology as a 
discipline.  I became more interested, instead, in describing how such a messy and 
heterogeneous enterprise manages to cohere as it is enacted at the micro-level.  I became 
interested, that is, in how my participants were able to negotiate the contingencies they 
encountered in their daily work and go about working in a coherent way toward their goal 
of disciplinary integration. 
 This study took three years from its inception to its current form.  In this chapter, I 
look back on my study to reflect on the utility of my methodological and theoretical 
framework as well as some of the challenges I faced along the way.  I was unable to meet 
all the methodological challenges that arose, so I detail some of the ways my study might 
be improved in future efforts toward a postplural rhetoric of science.  I also reflect briefly 
on my findings from each chapter and summarize what I think are the most important 
points for scholars and teachers to take away from my historical analysis and case 
studies.  Finally, I conclude by detailing what I think my study might signify for 
researchers and teachers of scientific writing and rhetoric. 
 
II.  Revisiting the Methodological and Theoretical Framework 
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 I began by conducting a Turnerian analysis of the controversy over whether 
ecologists should take part in the International Biological Program during the 1960s and 
70s.  This disciplinary social drama brought to light some of the principles impeding an 
integrated approach to ecosystems analysis—principles that still impede disciplinary 
integration between biology and ecology.  Then, to answer the question of how the 
process of integration works, I conducted a yearlong qualitative study of the Klose Lab, 
involving observations of Klose Lab scientists at work in the lab, in the field, in meetings, 
and at academic conferences, interviews with them about their work, and analysis of 
textual artifacts collected during this twelve-month period.  Drawing on methodological 
insights from third-generation activity theory, I narrowed my analysis to focus on two 
case studies from this fieldwork that illustrate the key concept of textually mediated 
disciplinary integration.  One involved Caleb, who struggled to integrate findings derived 
from the field with those derived from the laboratory.  The other case study focused on 
Olivia, who integrated her work in the laboratory and the field by way of multivariate 
statistical practices.  In both Caleb’s and Olivia’s cases, the text that mediated their 
integration was a graph. 
 One of the driving questions of rhetoric and writing studies is, as Dorothy Winsor 
puts it, “how to theorize the simultaneous existence of pattern and contingency?” (1999, 
p. 200).  This question is especially pertinent to studies of disciplinary writing and 
rhetoric.  Disciplines may seem like firmly structured entities that shape conventions for 
meaning making; however, as activity theory oriented research into disciplinary writing 
has demonstrated, disciplines are enacted at the micro- and meso-levels of activity (Prior, 
1999; Russell, 1997; Thaiss and Zawicki, 2006).  At these levels of activity “tensions, 
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disturbances and local innovations are the engine of change” (Cole and Engestrom, 1993, 
p. 8).  In other words, disciplines do not change at the macro-level without changing, 
first, at the micro-level and meso-levels.  Disciplinary integration, then, is generated 
through day-to-day activities.  In this dissertation, I employed a third-generation activity 
theory methodological framework for studying integration across the micro-, meso-, and 
macro-levels of organization.  This framework led me to focus on specific genres that 
mediated the work of disciplinary integration, and I found that certain generic graphic 
visualizations served important functions as sites of calibration and alignment.  As 
Graham and Herndl (2013) have argued, such calibration and alignment is necessary to 
stabilize complex, inter-organizational activities.  Activity theory and genre studies have 
complemented one another well in rhetoric and writing studies research.  I have 
attempted to demonstrate that these approaches are further complemented by a postplural 
emphasis on place and practices of calibration and alignment, and by Turnerian social 
drama analysis. 
 A postplural approach is a way of shifting rhetorical analysis from a modern, 
humanist understanding of scientific work as representing reality toward a non-modern, 
post-humanist understanding of scientific work as intervening in reality through 
differently situated practices involving different assemblages of humans and nonhumans.  
Such an approach is useful for studying how disciplinary integration because it calls 
attention to how disciplinary objects are enacted differently according to situated 
exigencies and asks how these differently enacted objects manage to cohere despite their 
multiplicity.  Graham and Herndl (2013) admit that a postplural approach may seem 
counterintuitive for rhetorical study that usually focuses on conflicting perspectives.  
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“Indeed,” they write, “much of classical rhetorical theory is built on a foundation of 
cross-perspective mediation.  As such, we would like to point to rhetorical theory that 
embraces speech-act theory and performativity as a productive site of collaboration for 
future inquiry into rhetorics of science—especially scientific conflict” (p. 122). Turnerian 
social drama analysis, which is rooted in performativity, offers just such a productive site 
of collaboration. 
 Turner’s social drama construct is a promising analytic model for writing and 
rhetoric research because it focuses attention on Winsor’s problem of “how to theorize 
the simultaneous existence of pattern and contingency” (1999, p. 200).  Turner developed 
social drama analysis “to show how the general and the particular, the general and the 
particular, the cyclical and the exceptional, the regular and the irregular, the normal and 
the deviant, are interrelated in a single process” (1957, p. 328).  The process of social 
drama—whereby a breach in social order develops into a crisis and is subsequently dealt 
with via redressive mechanisms, resulting in some form of reintegration—describes how 
localized conflicts are enactments of broader conflicting principles.  Turner’s model 
suggests that continued public disciplinary division is not solely the result of intellectual 
disagreements, but also disagreements involving complex social and political relations.  
In my case studies, Turnerian analysis helped me understand why integration of 
microbiology and ecology is impeded in the first place, and postplural analysis helped me 
understand how integration in the Klose Lab is achieved by way of calibrating and 
aligning objects produced in differently situated practices.  Crucial to this calibration and 
alignment are genres of graphic representations. 
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III.  Methodological Challenges 
 In “The Disciplined Interdisciplinarity of Writing Studies” Bazerman (2011) 
writes that his experiences studying writing in other disciplines created four “generative 
puzzles and problems.”  These included:  
1) being tempted into the problematics and concerns of each of the disciplines I 
found of interest; 2) remembering and being disciplined by my own problematics 
from my own field of the teaching of writing; 3) trying to see how the approaches 
from these other fields could be brought to bear on writing in a disciplined way; 
and 4) integrating multidisciplinary knowledge into a theoretic framework for 
writing and for new inquiries. (Bazerman, 2011, p. 12) 
I encountered similar puzzles and problems in my study.  Writing and rhetoric studies 
draws from disciplines as diverse as cognitive sciences, social sciences, and ecology—to 
name just a few examples—to account for how people organize their activities with and 
through discursive meaning-making practices.  I found it easy to become caught up, over 
and over again, in the intra-disciplinary concerns and debates of these fields.  Whether I 
remembered the problematics from my own field on my own, or whether my advisor or a 
colleague reminded me of them, those concerns would snap back into focus, and I would 
keep my attention there for a time, only to be lured back into the issues of another field, 
and the process repeated itself. 
Some researchers have articulated the complexity of disciplinary configurations 
via ecological metaphors.  In The Evolution of American Ecology, 1890-2000, Kingsland 
(2006) borrows the term “ecological niche” to conceptualize disciplines.  Ecologists use 
the term to describe the structural and functional roles that plant and animal species play 
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in their environments.  “But the niche does not really exist as a definite place out there in 
the world,” Kingsland writes.  “Nor is it something that is fixed in time; the shape or size 
of the metaphorical niche would depend on the shifting context in which the plant or 
animal exists” (2006, p. 1).  Elsewhere, Kingsland (1985) likens the intra- and inter-
disciplinary crisscrossing of ecology to the “entangled bank” Darwin described in On the 
Origin of the Species:  
It is interesting to contemplate an entangled bank, clothed with many plants of 
many kinds, with birds singing in the bushes, with various insects flitting about, 
and with worms crawling through the damp earth, and to reflect that these 
elaborately constructed forms, so different from each other, and dependent on 
each other in so complex a manner, have all been produced by laws acting around 
us. (qtd. in Kingsland, 1985, p. 9) 
Darwinian and ecological metaphors for disciplines abound outside of research focused 
on the discipline of ecology (Toulmin, 1972; Patton, 2011).  Indeed, ecological 
metaphors have found traction in STS (Star and Greisemer, 1989; Star, 1995), rhetoric 
(Edbauer, 2005; Seas, 2012), and the various subfields of writing studies (Cooper, 1986; 
Dobrin and Weisser, 2001; Dobrin, 2011, 2012; Fleckenstein, et al., 2013; Lemke, 1995, 
2000; Spinuzzi, 2003, 2004; Syverson, 1999; Thibault, 2004).  While I find ecological 
metaphors useful for conceiving of the structural-functional dynamics of rhetorical 
situations and disciplines, I am going to abstain from them as much as possible 
throughout this study for a couple reasons.  First, it is simply confusing to use ecological 
metaphors in a discussion of ecologists at work.  Employing ecological metaphors to 
analyze ecological work proved difficult to write and difficult to read
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of my dissertation committee members rightly brought to my attention that using my 
participants’ disciplinary terms of art to describe their activities poses a reflexive pitfall 
of privileging their natural science perspective over my social science one.  The question 
my reader posed was, “What is at stake in using an actor’s category as [a] term for 
analyzing their practices of disciplinary constitution?”  The answer, I had to admit, is: too 
much.  So I left the ecological terminology to the ecologists.   
 Early on I worked to contribute to ecologically oriented writing studies and 
rhetoric research by investigating what ecological approaches to writing and rhetoric 
research might gain from ecological approaches in the natural sciences.  Though I later 
relegated this investigation to a peripheral area of interest, it always loomed in the back 
of my mind and in the margins of my field and reading notes.  While I was not able to 
relate the ecological work I observed and read about as part of this study to the 
conceptual framework for the study itself, I still maintain that such a framework is useful, 
and I will certainly work to contribute to it in future studies. 
 While the problem of disciplined interdisciplinarity in writing studies research is a 
conceptual problem, I also encountered some more practical challenges.  One such 
challenge involved the seemingly simple act of following literate activity across multiple 
sites.  Some of these sites were off-limits for various reasons.  For example, I wanted to 
follow Olivia out to Tinkers Creek on her first sample-gathering excursion.  This was the 
only trip that she and Dr. Dabany both took together, and, in fact, it was the first time 
they would work together at all. This could have been an important observation session 
for me because it would have helped me see how they learned to coordinate their 
activities, and how they established the parameters of their project at a very early stage.  
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However, because this was such an important outing for the Tinkers Creek project, and 
because Olivia would be working with Dr. Dabany for the first time, she asked me not to 
come along.  I might have been too much of a distraction.  Similarly, sometimes Olivia 
would need to perform delicate tasks in the Greenmarch Lab, in which she was, to some 
extent, an outsider.  The Greenmarch Lab was frequently bustling with activity, which 
made it hard for Olivia to find space for herself and me and, as was sometimes the case, 
Olivia’s lab assistant.  If I ever noticed myself becoming a nuisance, I would always 
provide Olivia with the distance she required.  Also, much of the statistical analysis work 
Olivia did in R she did at home, and, perhaps because I could not see her do this work, I 
did not realize until later how crucial it was.  
 Limited access to sites where these activities were staged admittedly created blind 
spots in my study, and they raise questions about how we might study scientific work that 
is distributed across many different places.  “Among other things,” Susan Leigh Star 
reminds us, “science is a job” (1995, p. 16).  And like many people, many scientists work 
long hours and often take their work home with them.  We researchers do not want to 
make their jobs harder and their hours longer, and we cannot follow them everywhere.  
This raises a complicated issue about how we might constrain our studies.  If important 
scientific work is not relegated only to the laboratory space or the field, where should we 
bound our studies?  I initially bounded my study within the confines of the Klose Lab, 
but the Klose Lab was more diffuse than I had anticipated.  At times, I wanted to expand 
those boundaries to include the Greenmarch Lab, but I experienced some pushback, and 
such expansion would have admitted more actors than I was capable of handling in any 
kind of a systematic way.  Because of her willingness to participate in my study, and her 
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willingness to let me participate in her study, Olivia and I developed the strongest bond 
of anyone in the Klose Lab.  Had I limited my focus to Olivia’s activities in and out of 
the lab from the beginning, I might have been able to produce more micro-level findings 
about, for example, her use of R.  I am satisfied for now to have identified the integrative 
importance of multivariate statistics, but I believe such micro-level analysis will be 
important in future studies of statistical practices in biological sciences, and this means 
following those practices wherever they take place.  In any case, classrooms, offices, 
laboratories, and fieldwork sites are good places to start, but my blind spots suggest to me 
that we need to carefully consider how we might study scientific activity beyond the 
classroom, office, lab, and field. 
 
IV.  Disciplinary Integration in Scientific Practice: Three Case Studies 
 How are microbiology and ecology integrated into microbial ecology?  I 
approached this question by first asking what might impede integration.  The Turnerian 
social drama analysis of the IBP decade that makes up Chapter Three helped establish the 
conflicting structural principles that have inhibited disciplinary integration in biology.  
Specifically, differences between what might qualify as a viable unit of analysis were 
points of contention, and directly tied to questions of what might be a proper unit of 
analysis were questions of where such analyses might be conducted.  Some argued that 
the proper place for biological study was the field.  Others maintained that the laboratory 
was the proper site.  Those arguing for an integrated approach to ecosystems analysis had 
to convince their colleagues that the lab and the field could be integrated.  As the case 
studies of Klose Lab microbial ecologists in action demonstrate, these conflicting 
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structural principles are still points of tension that must be negotiated through textually 
and discursively mediated processes of calibration and alignment. 
 The case study of Caleb and the cheaters project presented in Chapter Four offers 
an analysis of an important intermediary text—the sigmoid curve.  The cheaters project 
necessitated a pluralistic approach involving laboratory based microcosm studies and 
field studies.  These different approaches needed to integrate in a coherent way, and the 
sigmoid curve fostered integration by functioning as a shared point of calibration between 
work that had been conducted in the controlled conditions of the laboratory and work that 
had been conducted in the dynamic and contingent conditions of the field.  The relative 
flatness of Caleb’s curve as compared to the ones produced in controlled microcosm 
studies prompted Caleb and Dr. Greenmarch to recognize a discrepancy that required 
calibration work.  Ultimately, considering the institutionally imposed temporal 
exigencies, Caleb changed his study by disrupting the material conditions he had put in 
place.  
 Olivia’s case study, presented in Chapter Five, attends to multivariate statistical 
practices, which are crucial to integrating the laboratory and the field, and which involve 
certain types of alignment and calibration.  From the earliest stages of her research, 
Olivia sought to align herself with her discipline’s macro-level commitments to 
biological complexity.  The poster she eventually presented evinces this commitment by 
featuring an ordination graph as a rhetorical figure integrating microbiology and ecology 
into microbial ecology.  Working toward this graph, she knew she would be using 
multivariate statistical analysis from the outset.  At the meso-level, Olivia aligned herself 
with her co-authors, Dr. Klose and Dr. Dabany, in terms of interests, competencies, and 
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technological capabilities.  Olivia’s case study also demonstrates some micro-level 
moments of calibration.  Some of this calibration was obvious—Olivia had to, for 
example, calibrate her inscription apparatuses before heading out to the field.  Some of it 
was not so obvious.  When she instructed me to “pick, don’t choose,” and when she 
worked with her undergraduate assistant on DAPI analysis, Olivia was performing small 
but significant acts of calibration that allowed her to collaborate across levels of 
expertise.  These moments contributed to Olivia’s ordination graph and her poster, both 
of which fostered Olivia’s alignment at the disciplinary and professional level with her 
audience. 
 Considered together, these case studies contribute to writing studies and rhetoric 
of science research by providing insight into the factors behind disciplinary division and 
the work that goes into disciplinary integration.  Integration work is becoming more 
common in the sciences, and it is work that deserves the attention of writing studies 
researchers and rhetoricians who think, as Herndl and Cutlip (2013) put it, “[w]e should 
move from talking about science to doing science” (p. 7).  I believe that using Turnerian 
analysis to identify macro-level conflicting structural principles at issue in scientific 
controversies and then identifying how those conflicting principles are negotiated is a 
useful way of making this move from a descriptive rhetoric of science to one that 
productively intervenes in such negotiations.   
 It is important to acknowledge, though, that integration work is done in a variety 
of ways.  Such work is staged differently and involves different assemblages of people 
and objects and technologies, and different staging and assemblages require different 
calibration and alignment practices.  Therefore, I cannot say that Olivia’s or Caleb’s 
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stories apply to other scientists in other laboratories, much less to all of microbial 
ecology.  A researcher in another lab may find no sigmoid curves worth investigating, no 
authorship meetings worth sitting in on.  But for a writing studies or rhetoric researcher, 
really doing microbial ecology means finding one’s way into specific micro-level 
practices to find out what the salient calibration and alignment practices are.  With this 
basic constraint in mind, in the following sections I discuss the implications of my study 
that I am confident apply somewhat generally to researchers and teachers of scientific 
writing and rhetoric. 
   
V.  Implications for Researchers and Teachers  
One implication of my research is its implicit suggestion that there may be some 
kind of working relationship between a postplural theoretical approach, which is derived 
from actor-network theory, and an activity theory methodological framework.  Some 
have posited that 3GAT and actor-network theory (ANT) cannot work well together 
because they disagree about the status of nonhuman actors (Kaptelinin and Nardi, 2006).  
The non-modern, post-humanist theoretical foundation on which a postplural approach is 
built asks researchers to embrace a methodological commitment to symmetry—the idea 
that human and non-human actors are able to delegate competencies and agency to one 
another (cf. Latour, 1987, 1999).  Spinuzzi (2015) admits that this is a difficult 
commitment for many in the humanities to make.  To its critics, “symmetry seems 
foreign and perhaps even dehumanizing—particularly in humanistic disciplines, such as 
rhetoric and composition, that are grounded in classical thought and that emphasize 
human agency and discourse” (Spinuzzi, 2015, p. 23).  However, influenced by 
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Spinuzzi’s (2008) work putting the two theories in dialogue with one another, I would 
like to call attention to points of alignment between 3GAT and postplural theory.   
One point of alignment is that both theories share an interest in how networks—
activity networks and actor-networks—are maintained and stabilized despite their fluid 
and constantly-shifting dynamics.  As Spinuzzi (2008) notes, the term “network” itself 
has been “more or less jettisoned” by actor-network theorists because it implies a fixed 
and stabilized structure, and now “activity theorists are . . . beginning to question the term 
for the same reasons” (p. 6).  Engestrom (2009), observing that the problem of the 
“runaway object” threatens the principled boundedness of 3GAT (see Chapter 2), 
proposed a fourth generation of activity (4GAT) that is better equipped to analyze 
relatively un-bounded activities centered on diffuse runaway objects.  In one of the few 
4GAT studies to date, Spinuzzi (2013) researched the phenomenon of coworking as “an 
interorganizational, collaborative object” (p. 6).  His 4GAT framework led him to 
identify two different “configurations” of coworking and suggest that many more are 
possible.  He concluded, 
Coworking seemed not to be a single activity at all, and certainly the participants’ 
understanding of coworking rested heavily on how it intersected with their other 
networked activities. These dense interconnections with other activities 
continually pulled the participants’ understanding of coworking in different 
directions.  That pull has already caused significant differentiations in Austin 
coworking, resulting in at least two very different configurations, and we can 
expect further differentiations as coworking becomes more common. (p. 35, 
emphasis added) 
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The italicized clause is especially interesting for what it implies: the more common an 
object becomes, the more different, and the more multiple, it becomes.  This multiplicity 
is the source of some consternation among activity theorists, but it is simply the starting 
point for a postplural study.  We see this with the object of the cheater—an object that 
has found purchase in many different disciplines and entangled many different actors.  
Now the cheater finds itself pulling together microbiologists, ecologists, microbial 
communities, the US Department of Energy, who all bring their own diverse networks to 
bear on its enactment.  No matter how you look at it, it will take intense concerted 
effort—seriously determined calibration and alignment—to stabilize this vastly dispersed 
assemblage. 
 Another point of alignment between activity theory and an ANT-based postplural 
theory is that neither of them needs to be treated as a closed-off system of thought.  I 
would argue that, instead, the theories should be approached the same way Lotka 
approached Pearl’s logistic curve—“as not so much the solution of a problem as the 
challenge to such solution,” but rather as “a point of interrogation, an animated question 
mark” (qtd. in Kingsland, 1995, p. 85).  I would not be alone in arguing this.  Michel 
Callon, who coined the term actor-network (1986), has explicitly stated, “ANT is not a 
theory. It is this that gives it both its strength and its adaptability” (1999, p. 194).  Mol 
(2010) argues that ANT is primarily useful as “a repository of terms and modes of 
engaging with the world, a set of contrary methodological reflexes” (p. 262).  Rhetoric 
and writing studies researchers who have employed ANT-like terms and modes of 
engagement have examined texts as parts of cognitive architectures (Swarts, 2007), and 
have developed rich methodologies for attending to interrelated, dynamic systems of 
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typified texts as “genre ecologies” (Spinuzzi and Zachry, 2000; Spinuzzi, 2004).  I would 
argue that activity theory is also most useful as a repository of terms and modes of 
engaging with the world, and, again, I would not be alone in doing so.  Bonnie Nardi 
(1995) has characterized activity theory as “a powerful and clarifying descriptive tool 
rather than a strongly predictive theory” (p. 4).  Thinking of postplural theory and activity 
theory as means of engaging with the world and attuning one’s sensitivities to objects of 
inquiry, we may find that the two theories complement one another well.  
My research indicates that scientific writing researchers and instructors should 
consider the temporal constraints that pragmatic regimes of engagement exert on genres.  
This is especially true for those who study scientific writing and rhetoric in universities.  
People working in university laboratories write approximately 75 percent of all articles 
published in scientific journals (Stephan, 2012, p. 1), and graduate students such as Caleb 
and Olivia figure prominently in these studies (Stephan and Black, 2008). Graduate 
student scientists (and, for that matter, all university scientists) work under specific 
timelines that are established according to certain economic parameters.  Just as 
Dunmire’s (2000) study demonstrates that temporal exigencies shape genres of patient-
nurse practitioner discourse in care-work in important ways, Caleb’s case study shows 
that the same is true for genres that negotiate the lab-field border zone.  Davies’s (1990, 
1994) models of clock time and process time proved useful constructs for understanding 
Caleb’s processes of calibration and alignment, and they may be useful for understanding 
how genres mediate similar negotiations between separate regimes of engagement. 
 My research also indicates that scientific writing researchers and instructors 
should also consider the importance of multivariate statistical analysis—particularly as it 
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pertains to studies of biological sciences.  Many of us who have spent much of our time 
dealing with print linguistic texts may find the symbolic world of statistics daunting.  Just 
as Olivia spent much of her time working with the formulae and coding, I spent a huge 
amount of time pouring over basic statistical textbooks and websites simply to interpret 
her one graph.23  And I am still not entirely confident in my interpretation skills.  
However, I am confident that researchers and instructors of scientific writing and 
rhetoric—especially those who study the biological sciences—should acquaint 
themselves with these powerful and ubiquitous modes of representation and the practices 
involved in crafting them. 
 Rhetoricians and writing studies instructors have promoted the link between 
technical knowledge and rhetorical know-how in STEMM disciplines (Geisler, 1993; 
Haas, 1994; Russell, 1997; Fountain, 2014).  One of my most salient findings for teachers 
of technical and scientific writing is that knowing and doing are inextricable.  In Chapter 
Five we saw Olivia working with Dave, an undergraduate lab assistant, to help him 
develop an embodied type of expertise that T. Kenny Fountain (2014) calls “trained 
vision.”  Fountain explains: 
 Trained vision is the organization of perception through the interplay of 
 multimodal displays and objects, interpretive frameworks, and the situated 
 activities that create and deploy them.  Trained vision, which we learn 
 through formal training and informal socialization, originates with the 
 material practices of a group and our embodied participation in those 
 practices. (Fountain, 2014, p. 5) 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
23 An incredibly useful online resource for understanding principles of ordination and multivariate 
analysis is Mike Palmer’s http://www.ordination.okstate.edu.  Palmer’s is a comprehensive and 
very accessible introduction to ordination methods as they pertain to ecologists. 
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Was Olivia helping to enculturate Dave into the sciences by training him in how to see 
cloudy points of light as data, or was she training him in how to do data?  Fountain would 
say that she was doing both—that seeing and doing are inextricable from one another.  
WID research maintains that learning to read and write according to certain conventions 
is an important means of disciplinary enculturation, and writing instructors in STEMM 
disciplines should consider data visualization in a similar way. 
 In The Chicago Guide to Writing about Multivariate Analysis, Jane Miller (2013) 
observes that, “[d]espite this apparently widespread need, few people are formally trained 
to write about numbers, let alone multivariate analysis” (p. 1).  To remedy this, her guide 
provides “a series of tools and principles for writing about multivariate models.”  Miller 
adds, “In practice, rarely will you use these elements piecemeal.  Instead, you will 
integrate them to create a compelling explanation of the issues you address, complete 
with the quantitative evidence needed to evaluate those questions” (p. 251).  Though it is 
leveled at students, TPC and WID instructors should heed Miller’s advice to readers of 
her guide as well.  Multivariate analysis involves composing and drawing from many 
micro-level texts, and integrating these texts—many of which will be ultimately rendered 
invisible—in a coherent way is just as important as writing the texts themselves. 
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Appendix A: Chapter One Figures and Photos 
 
 
Figure A.1. Dr. Klose’s statistically derived graph 
 
Figure A.2. Dr. Klose’s statistically derived graph 
 
Figure A.3. Dr. Klose’s statistically derived graphs 
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Appendix B: Chapter 2 Figures and Photos 
 
 
Figure B.1. Mural displaying a jumping fish painted on a stairwell wall in Plymouth 
Hall. 
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Figure B.2. Taxidermied penguin on display in Plymouth Hall. 
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Figure B.3. Taxidermied birds on display in Plymouth Hall. 
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Figure B.4. Overhead layout of the Klose Lab. 
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Figure B.5. Bookshelves along one wall of the Klose Lab office. 
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Figure B.6. Bookshelves along one wall of the Klose Lab office. 
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Figure B.7. Time magazine photograph captioned “Boat Caught in Flaming Cuyahoga.”  
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Figure B.8. USGS map of the Cuyahoga River, Tinkers Creek watershed (green), Yellow 
Creek watershed (yellow), and Furnace Run watershed (blue). 
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Appendix C: Chapter Four Figures and Photos 
 
 
 
Figure C.1. Pearl’s logistic curve using U.S. census data. 
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Appendix D: Chapter Six Figures and Photos 
 
 
 
Figure D.1. Prep work: Olivia’s fieldwork gear, labeled and neatly stacked. 
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Figure D.2. Prep work: Olivia filling falcon tubes with formaldehyde. 
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Figure D.3. Prep work: Olivia demonstrating the digital readout for one of the sensors, 
which must be calibrated to function correctly. 
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Figure D.4. Prep work: Olivia’s checklist for field sampling. 
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Figure D.5. Prep work: Olivia’s checklist for the day before her first trip out to Tinkers 
Creek. 
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Figure D.6. Prep work: Olivia’s diagram for collecting reps at sample sites. (On the 
whiteboard, top; in her fieldnotes, bottom) 
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Figure D.7. USGS map of Tinkers Creek sampling sites. 
 
 
Figure D.8. Olivia’s map of Tinkers Creek sampling sites. 
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Figure D.9. Olivia’s field notebook. 
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Figure D.10. The flowmeter. 
 
 
Figure D.11. Manual illustrating the flowmeter in use. 
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Figure D.12. Microscopic image of fluoresced bacteria captured with Metamorph. 
 
 
 
Figure D.13. Microscopic image of fluoresced bacteria captured with Metamorph. 
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Figure D.14. Excerpt of table from the USGS report, referred to by Dr. Dabany during 
the authorship meeting. 
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